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FOREWORD 



This report has been prepared from material developed at and subsequent 
to a Consultants' meeting held in Vienna in January 1978. The main purpose of 
[lie meeting was to prepare a document in the form of a guide for planning 
and developing treatment flowsheets for uranium ore processing. 

1 1 was apparent I hat ore mineralogy, analysed, described and interpreted 
in ways most meaningful to the metallurgist, is the most essential information 
required for forming the basis of such planning. This topic, here termed 
metallurgical mineralogy, is therefore a major theme of this publication. 

In preparing the report the Agency has borne in mind the important need 
lo impart the experience and knowledge gained in the more developed countries 
lo those who are in the early stages of exploiting their uranium resources. 

The contents may be criticized as lacking, in some respects, the requisite 
depth and detail of treatment. The Agency and the consultants are conscious 
of the need to expand the information in a number of ways. However, the 
report is presented in its present form in the belief that, as the first attempt to 
correlate, on a world-wide basis, ore type with processing, it will be considered 
as a useful basis for future development of these themes. 

The IAEA wishes to express its thanks to the consultants who took part in 
I he formulation of this report. Particular gratitude is due to the chairman. 
Mr. [-I.E. James, of the Atomic Energy Hoard, South Africa, who made a notable 
contribution to the work. The final compilation was the responsibility of 
Mr. I .R Hartley of I he Agency's Division of Nuclear Power and Reactors. 
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PART I 



PRINCIPLES AND PRACTICE OF 

URANIUM MINERALOGY AND 

ORE-PROCESSING METALLURGY 



INTRODUCTION 

The amount of uranium which can be mined and recovered as a marketable 
product, and the costs of mining and processing, arc the two kev factors that 
determine whether* uranium deposit can be exploited economically. 

The mineralogy of a uranium ore fundamentally influences the technology 
and economies of its exploitation ant! determines the ultimate quantitative 
uranium recovery that can be achieved by any particular process. Therefore in 
planning a programme of investigation into the extraction of uranium from any 
ore, a knowledge of its mineralogy and the behaviour of the ores in particular 
process environments is important- 
Alt hough it is not in frequent that the mineralogist is brought in to explain 
treatment difficulties that have been encountered by the extractive metallurgist 
during the course of an investigation, the adequate application of rn in era logical 
data is seldom practised in the initial planning of an investigation into a treatment 
process. The metallurgist experienced in the technology of uranium ore processing 
will use his knowledge of mineralogy subconsciously in defining a treatment 
problem. Indeed, the nature of his experience is an intuitive understanding of 
the type of treatment flowsheet most likely to pertain to the particular ore 
mineralogy. Perhaps for this reason, the significance of mineralogy in the develop- 
ment or flowsheets for the processing of uranium ores is often understated. 

Rocks are complex assemblages of minerals and differ widely in detail of 
Composition and texture so that no single ore is exactly similar to another. 
Samples from one orebody vary, often significantly. These differences mean that 
al no time can a flowsheet be realistically optimized for all hkelv variations nor 
can the treatment flowsheet be transferred in detail from one ore to another. 
A flowsheet is always a compromise of many factors and its development remains 
dynamic throughout the life of the mine. A knowledge of the mineralogy of the 
Ore, the variations of that mineralogy and an appreciation of the behaviour of 
minerals and mineral assemblages form a sound basis for deciding on the best 
compromise. 

The objective of this report is to introduce the basic concepts relating 
mineralogy to the behaviour of an ore and to indicate the value of information, 
Which can be obtained from a correctly oriented miueralogical analysis, in the ' 



development of the initial concepts forfcgeriera] treatment flowsheet. These 
can l hen form the basis for testing by experiment and economic study, leading 

ultimately Lo the selection of a specific flowsheet and the design of the ore 
processing plant. 

Sections 1,2 and 3 are therefore devoted to this theme and are directed 
more particularly to the less experienced professional to give guidance in selling 
about a work plan. However, the experienced person should also find the<e 
sections useful in putting some of the basic concepts in perspective. 

Section 4 is a brief review of the unit operations applied to the typical 
uranium treatment flowsheets. It includes a summary of the relative energy and 
cost relationships of the operations. This material is essential lo round off the 
Hi erne of [he previous three sections and it acts as a bridge to Part II. 

A second objective of (his report is to present information, in summary form 
of treatment methods applied to various major ore types that are being processed 
for the production of yellow cake. This ,s in accord with tUc following 
recommendation of the [AHA meeting held in Vienna in 1967 on Processing of 
Low Grade Uranium Ores [ 1 ]; 

'To collect and disseminate in formation on the relative importance of the 
different ore types for w/Hc/i appropriate methods of treatment hare proved 
successful, " 

Attention was again drawn to this subject following the 1970 meeting in 
Sao Paulo on The Recovery of Uranium |2] and a start was made following the 
1975 meeting m Washington on Uranium Ore Processing |3] bv the production 

of a sel of tables. 

This theme lias been expanded in Part II which is in two sections The first 
section provides a guide to the characteristics of the major types of uranium ores 
by way of case studies on specific deposits in various parts of the world (sand- 
stones, conglomerates, vein deposits, granites, pegmatites, carbonatites, syenites, 
shales, lignites and calcretes. 

The second consists of a set of tables summarizing data specific to 76 selected 
operations. However. Part II also forms an important part of the overall theme 
Df the report, as if forms a nucleus of reference material correlating ore type with 
treatment characteristics. 



I . UK A N I UM OCC U R R L NC 1 1 A N D G E( )CHEMI S'l \< Y 
I.I. Distribution of geoehentical cycle 

The geochemistry of uranium is largely controlled bv the particular 
Characteristics of the element. First, two of the four possible valency states, the 
four and six valencies, have thermodynamic characteristics such that pll and PI, 



conditions in the ii.ilin.il environment pun regularly occur, sometimes in adjacent 
areas, in which one oi other valency form is stable. Second, the two resulting 
ions 4+ and 2 I have very different properties, 'the highly ionized uranous ion 
(U" 1 " 1 "} has low hasiciiy so it forms an oxide insoluble in dilute acid and its salts 
hydroiyse readily, lis ionic radius is similar to the lanthanons and to thorium, 
whose chemistry is alSQ similar as is that of titanium arid zirconium so that 0" 
uranium is often associated with these elements. 

Hexavalent uranium occurs as the uranyl ion UO| + , the oxide of which is 
highly soluble. It combines with a number of anions to form soluble complexes 
in acid and alkaline solutions. It forms compounds with other metal cations and 
thus forms a wide range of minerals. However, because of the large size of the 
uranyl ion it does not readily displace nor is it replaced isomorphously, so that 
its crystalline minerals are generally unique uranium compounds. 

Uranium is widely distributed. It is more abundant, for example, than 
antimony, cadmium, bismuth, iodine and the precious metals. It is not relevant 
in this report to give an account of the complex story of its distribution: lor 
further details, readers are referred to special geochemical texts, e.g. Rogers and 
Adams(1969) |4|. 

The following tabulation gives the order of magnitude (in ppin) of uranium 
abundance in some rock types: 



Mafic igneous rock (basalts, gabbros, etc.): 
Intermediate igneous rocks (diorites): 
Acid igneous rocks grand iorites: 



Sediments: 



Sea water: 



granites: 
Normal shales 

Limestones 
Black shales 



I 

2.6 

4.7 
4 



(up to 250) 
0.0033 



These are mean values, and may have wide limits, especially in black shales 
which can contain up to 250 pprn and in acid igneous rocks which can contain 
up to 500 ppm. 

Uranium, being of the lithophiie elements, has an affinity for silicate (by 
definition). It is extremely mobile under acidic and alkaline oxidizing conditions, 
forming the uranyl ion (UQi + ), which in turn forms a large number of generally 
complex minerals with a variety of anions and other cations (sulphates, phosphates, 
carbonates, silicates, vanadates, arsenates and others). The tetravalent form U() 2 
(ideal u ran in it e) is almost insoluble and requires oxidation to the hexavalent form 
before becoming mobile. However, as pointed out above, conditions are frequently 
encountered in the natural environment in which hexavalent (uranyl) compounds 
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are reduced, precipitating ' l( h ■ I It Is accounts I inch oi the uranium found 

in sedimentary deposits and fo'i Hie high uranium content of some biack shales; 
these contain organic matter which reduces dissolved uranyl compounds, 
p.feripilatiug U()_, and form mil', uraninite/pitehblende and uraniferaus organic 

■ nli'tlnniA's, 

Uranium occurs in the tetrav&Ieilt form in a number of primnry minerals 
in Igneous rocks and related pegmatites. However, it is more abundant in the 
lid nor accessory minerals rather titan in I ho main rock-forming minerals. Such 
minerals include discrete uranium species te.». uraninite, brannerite). as well as 

■ I"! les i" which uranium is present as a minor component (e.g. zircon, spherie. 
iipulile). These igneous rock sources of primary minerals arc seldom economic 
m themselves (except in the oa.se of pegmatites), and other mechanisms are 

I" COSsary to generate exploitable deposits. 

Such mechanisms include hydrothermal processes, inctamorphism, 
metasomatism, oxidatfcm-solut ion-red net ion-deposition sequences in sediments, 
precipitation, and other processes as outlined in section 1.2. in the classification. 

I 2, Uranium ore deposits 

The classification of ore deposits in general, and of uranium deposits in 
particular, is subject to a number of complications, chiefly because of genetic 
problems, The mode of formation of many deposits is well understood and thus 
ilieir classification is unequivocal. However, a number of deposits, including some 
Ql Hie larger ones, require much further investigation and are the subject of 
■ tensive discussion. In some cases, agreement regarding genesis may never be 
c Itched. The classification of such occurrences is thus problematical. 

1 lie use of a form of classification is particularly essential in this report. 
beciUise of cataloguing the major occurrences required in Part II. (See Fart 111: 
Summary Tables on specific uranium deposits and processing plants.! 

The classification used here is that of Ruzieka ( [475 [51), which is 
reproduced in Fig. 1. 

A brief explanation of the terms used in Ruzieka's scheme of classification 
|| necessary but for further details the reader is referred to the original paper. 
I lie term "Source" is the "original" uranium present in the crust, "Syngcnetic" 
relationships indicate simultaneous or contemporaneous rock- and ore-forming 
processes; epigenelic relationships indicate tliat ore-forming processes post-dated 
alteady existing rocks. 

Ore-forming processes ;irc divided into stages I and II; various combinations 
"I these give rise to fourteen types of deposit, as shown in the final column. 

Further subdivision of some types of deposit may be desirable and is 
■ '-Mainly possible in some instances (e.g. sandstone deposits). .Some occurrences 
V be categorized into more than one (ypc, i.e. of multiple origin (e.g. some 



A "''' lMh ' epojll-B) Stroll rurt.li*) subdivision though useful tbi geological 

P» "■' ls "" l wquirttl r .is paper. More detailed material on ore deposits 

relevant to their processing is presented in Pari It. 

1,3. Other uranium occurrences 

fliers are other sources @f uranium, in which the element is a very minor 
constituent and in which il. does not generally occur us discrete or specific 
uranium miner;. Is. 

Hie occurrence of uranium in seawater, in phosphate deposits, in 
carbonaceous sediments, and porphyry-copper arc well known. Uranium in 
soluble form in groundwater is present in significant amounts in some locations. 
Primary source rocks (e.g. granites) may become exploitable, particularly in 
conjunction with processing for other minerals or industrial minerals (micas, 
feldspars or accessory species such as sulphides, apatite, oxides) and some work 
was done on the recovery from this source. 



2. M ETA L L U RG I C A L M I N E R A LOG Y 
2.1. Introduction 



The technical characteristics of the process and the economic feasibility 
of extracting uranium from an ore is mainly influenced by the rock type, 
characterised by its mincra logical composition and texture. 

Among those factors that are influenced by the mineralogy of an ore as 
distinct from the uranium grade, the followingare the most important: 

(a) 1 he degree of comminution required to effect liberation of the uranium 

mineral; 
( b) I he potential for separating, the uranium mineral from gangue minerals by 

physical techniques; 
(c) The nature of lixivianl required (e.g. acid, alkali, oxidant) and the poteotia 

level of reagent consumption; 
<d> The probable ihco logical properties of the minerals in aqueous suspension 

(with consequent effects on agitation, thickening, filtration, etc.); and 
(el 1 he probable ionic composition and concentration of the leach liquor 

(which determine the size of the ion-exchange or solvent-extraction plant 
and tlie purity of the final product). 

In this report we have defined the term "metallurgical mineralogy" to 
represent those aspects of the mineralogical investigation that aim at predicting 
the possible effects of the mineralogy on tile above factors. Also, (he term 



I lie I a Ih 1 1 1 1 v encompasses oie dressing . mineral luneessuif and csliaclivc metallurgy, 
I he inehdhirgieal mineralogy of uranium ores does nol differ in any basic fashion 
Imii! Ihal applicable to other ores. However, with a few notable exceptions 

h .iiiiii uranium ores are quite low grade, with interest shifting towards even 

Inwei grades, a characteristic il shares with gold which, however, does not 

I'l' .n in as many forms as uranium. 

The objective of metallurgical mineralogy is ultimately governed by economic 
side rations, because the extraction and beneficiation process is similarly 

I i Hi-, II amed. Metallurgical mineralogy is quite separate, so tar as its technical 
'ihirelivc and interpretation is concerned, from geological considerations such 
ii', ihr possible genesis of I be ore. 

The mineralogist is clearly working in an interdisciplinary field as part of 
it lentil, whose objectives are concerned witii economic technology not scholastic 

II Ii in e. He must develop a facility for communicating his results, in the 

Ian tillage of the persons concerned with developing the economic mining of 
I lie i ue and recovering the metal. It is also clear that he must acquire a basic 
win king knowledge of uranium metallurgy in order to develop that faculty. 
Mineralogists engaged in this somewhat hazardous no-man's land must enlighten, 
mi blind with science, otherwise their raison d'etre is lost. 

However, the mineralogist also plays a most important role in bridging the 
in 1 ; between the economic geologist and the metallurgist, so that his knowledge 
o| | he problem must be extended to the orebody in the ground, as well as 
in I he present or proposed processing operations. Therefore, he must become 
■ ii qnainted with the regional geology, the specific geology of the deposit, and 
i he di' tailed petrology and mineralogy of the immediate host-rocks as well as 
.uiiounding or distantly related rocks. Critical appraisal of existing publications 
ami reports is obligatory. 

I he mineralogist has a formidable armoury of equipment and techniques 
al Ins disposal. Although he must be sufficiently familiar with all the methods, 
lo be able to call on them when the problem requires, above all he must develop 
xkill and experience at interpreting what he sees visually. No matter how 
lOphisticated, equipment is no substitute for this skill and any equipment must 
ii I ways be regarded as a tool to be applied in the correct context of the problem, 

the mineralogist must keep bis mind on the economic objective of the 
project and resist the temptation to dwell on mineralogical curiosities or to do 
more than he needs to meet those objectives. 

2.2. Uranium minerals 



the US (Geological Survey has published and revised a glossary of uranium 
and thorium minerals, the latest revision being in Bulletin I 250 of I 967 
(Fronde! Pleisehei ami .I ■■. I%7f6]) . This Bulletin uses three classifications: 



Iii>i iuiii only). 



' V Wninium and thorium minerals (185 listed of« !S are tho 

»| n «^» w«>. minor amounts of uranium and therl (55 listed) 

C, Minerals reported loco „, uranium and lhom|m mta , ' 

or intergrowths (20 listed). 



No better indication ban be given of the rather bewildering number of 
2 BuHefe SM ihC Pt ° bimS "" ^ «*****» ^ a n to quote I 



roni 



77,, index oj «fi««j „ M . w mTrics nese nweseni 26Q mmed 
specm: m w section A. 55 in mctim B, and 20 in section C Often 
the uuemon is asked, "How many uranium and thorium mineral, are 
mere. If section A is used as the criterion, there are about J 85 such 
mmerals to which 300 names hare been applied ", 

A selection of important economic uranium miners are feted below. 

In adtoon often the more obscure species ma* account for much of the 
Uranium in leach tails. 



Oxides: 

Silicates: 

Phosphates: 

Sulphates: 
Carbonates: 

■Molybdates: 



Pitch blende/uraninite, davidite, brannente. fetafite thorianitc 
thuehohte {partly organic), pyroehlore, nucrolite. e&xenfo 
gum mite, furgusonite; 

Coffinite, uranophane, sklodowskite, kasolite, thorite zircon/ 
cyrtohte, allanite: 

Xcnotime. nionazile. aut unite, torbernite, saleeite, camotitc 

sabugaiite: 

Johannite, uranopilite; 

Liebigite, bastnasite, uraniferous calcite; 

Muluranite, umohoite. 



2.3. Mineralogical source data 



nuihi^le^'r T °: ha " d ^ 0k ° f ™m-bearmg minerals should contain 
multiple class,!, cations/hstings. based on different parameters, with cross- 
rererences. Some of these are as follows: 

Ca) Response to u. v . sources (short and long-wave} a most convenient 
rapid and easy technique; 

' b> ^effective' *"*** "^ ***** SUbcOIlscio ^ 1 ^ *** limbed use but can 



i. i Density useful I otatlurgical work as well as minera logical ilelui'minations; 

id) < lieimeal composition an indication of U content, and whether this is 

an essential or non-essential constituent; 
hi i Iptical properties systematic presentation of data based on refractive 

indices, op lie sign; with separate lists of peculiar or distinctive properties 

(o g, melatorbernile); 
1 1 i ( 'rystallography and habit many uranium minerals tend to be very 

fine-grained, or altered (metamicl). use of crystal I ography as an aid to 

Identification is limited; 
(g) \ i.iy diffraction da I a - there are limitations in that some minerals, 

particularly those which are the most difficult to identify (the complex 

Oxides), are metamicl and non-crystalline. Also, X-ray equipment is not 

always readily available: 
Mil Solubility in various reagents: 
ID Mineral associations, both uraniferous and non-uraniferous these can 

be use lid, providing that the minerals to be associated are in fact genetically 

re la led, otherwise the deductions are not valid. 

(VI though a good deal of data remain to be measured on the physical 
|uu]n'[lies of uranium minerals which are most useful for metallurgical inter- 
pjl I i nou. ii number of publications do provide much of this information. 

The US Geological Survey Bulletin 1064 (Frondel, 1 958 |7|) Systematic 
Mineralogy of Uranium and Thorium contains most of the relevant determinative 
da I a Or references up to that date. Other references of similar vintage are: 
llelmieh ( [958 [8]) and Gelseva and Savefeva (1956 i9j) and Volborth (1958 [10]). 

Bulletin 1064 lists X-ray data, which are also recorded together with more 
n i > ni data on the card index of the Joint Committee for Powder Diffraction 
Standards. However, most data since 1958 have appeared scattered through 
lhS literature devoted to mineralogy. A table has appeared which provides a 
tjltlck reference summary to uranium minerals and their properties (Colorado 
|l hool of Mines Research Institute, 1976 [11]). Quite recently a publication 
Kill summarized the minerals and ores of uranium and given many of the 
pro parties and diagnostic features [It]. There are also a number of texts on 
,■■ nerul mineralogy and mineragraphy such as Deer, Howie and Zussman 
I I 962 [13]), Zussman ( 1 076 | 14]). and Edwards ( 1 947 [ 1 5]). 

2,4. Techniques of metallurgical mineralogy 

I ■/ / Materials to he examined 



II the mineralogisl is involved from the beginning of the discovery of an 
oie deposit, he will naturally progress from the general to the specific details 



ol that deposit, lie will assist in determining the possible causes of geophysical 
anomalies, will examine outcrop material, percussion samples ami drill-core 

reconnaissance samples delineating geological boundaries, and finally he will 
determine [he mmeralogieal suitability of available rocks lor engineering 
purposes (concreLc for foundations, roads, etc. at the mine site). Thus, some 
or all tire following suites ol" samples, will he examined in the course of the 
investigations: 



<i> Regional reconnaissance samples (including stream sediments) 

(ii) Outcrop material from the target area 

(iii) Percussion-drill and/or trench samples 

(iv) Diamond-drill core 

(v) Composite test samples 

<VU Ancillary material related to specific problems (geophysical, engineering, 
environmental, mining, safety, etc.). 

Much of the material that will be mined first will be from an oxidized 
zone (if present), Ihus, its mineralogy is of more immediate relevance and may 
well be radically different from that of unoxidized ore. However, the largest 
proportion of the ore reserves is frequently in the zone of unoxidized ore 
so that emphasis, as far as metallurgy is concerned, can only be decided after 
the initial assessment of the degree of difference and the evaluation of the ore 
reserve distribution. 

Once the situation is reached where an ore body has been delineated and 

a viable operation can be considered, the composition of various portions of 
this ore body (and any others in the vicinity which are lo be treated at the 

same plant) must be determined by systematic sampling, examinations and 

assays. By these means, major or significant variations which affect subsequent 

treatment will be detected. 

At this stage the work on metallurgical mineralogy is at its most critical, 

and the following basic data must be determined: 

(i) Spatial variations in mineralogy within an ore body (zonation, transitional 
ore, the effects of layering, banding, faulting, water tables, palaeogeography, 
metamorphism and others); 

(ii) Mmeralogieal variations between different ore bodies, (veins, shoots, lenses, 
lobes, rolls or other structural units); 

(iii) Mmeralogieal composition of "average" or "representative" samples (as 
defined and prepared by metallurgists for testing purposes), with emphasis 
on details relevant to major and common minerals, not the unusual or 
atypical features. It should be emphasized thai such "representative" 
samples can be misleading because the effects of some factors may he 



masked or diluted. Seldom, if ever, are orebodies homogeneous, ami thus 

the feed lo a plant constantly varies, although the degree of variation may 
nut always be significant. 
Uv) Mineralogy of special or unusual variations, especially if these are likely 
lo affect processing such data must be kept in perspective, and their 
importance assessed, but this information is of prime importance in 
helping lo avoid the problems due to the "masking" effect in the composite 
sample. 

Examination of laboratory, pilot plant and eventually operating mill 

products will follow, involving concentrates, tailings and various intermediate 
Inn lions. Apart from the normal problems of liveration, extraction, recoveries 
mid losses, there should be an awareness of possible economic by-products, 
whether metallic or nor- metallic. 



' / ' Diagnostic methods 

There are techniques which are recognized to form the main armoury of 
diagnostic methods in mineralogy. The book by Jones and Fleming (1965 [I6]> 
IB a useful reference. The following are the basic techniques: 

( i ) Examination of thin sections of rocks, chips and grains; 

(ii) Examination of polished sections of grains, chips, millproducts, ore; 

(iii) Examination of grain-mounts, using refractive index oils, of loose 
material, including stream sediments; 

(iv) Stereo binocular examination of various samples: 

(v) X-ray diffraction (XRD) of hand-picked materials, (the basics of the 
XKl) method require no elaboration. However, the equipment and technique 
lire sufficiently sophisticated to require dedication and specialization for their 
effective operation.) 

(vi) Electron- fro be Microanalysis (EPMA) has become an invaluable, 
almost indispensable technique in mineralogy. It suffers two major disadvantages 
its restricted availability; and the relatively poor (high) detection limit for uranium 
(variable depending on instrument and other factors), which may be as much 
as 0. 1 % XL 

Like XKl.) I lie equipment and technique of this method require dedication 
find especial experience in order to operate effectively. None the less, a basic 
Understanding of I lie technique is important and readers are referred to 
Anderson ( 1973 [17]) in which there is a particular paper, "Application of the 
election miemprobc m geology", and lo Jones and Gavriloni (1966 [18]). 
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Other techniques of particular relevance to uranium minerals are: 
(vii) Ultra violet (u.y.) (short and long- wave) to determine fluorescence 
(colour and intensity). Many secondary uranium minerals exhibit characteristic 
fluorescence ( Volborlh 1 958 { I Oj). 

(viii) Autoradiography is a technique specific for the detection of radioactive 
minerals. It is very useful in determining the distribution of radioactive phases 
in a sample and it has the advantage of needing little and simple equipment, 
much of which can be improvised. 

The sample is generally either a flat slab of rock, ground but not necessarily 
highly polished, or a polished section which may consist of grains, chips or 
solid rock. The smooth surface is placed on to an appropriate piece of film. 
in a light-tight box, cupboard or darkroom, and left for an arbitrarily chosen 
time, which depends on the radioactivity level of the sample. Very weakly 
active samples must be left in contact with the film for up to 10 1 5 days. 
Highly active samples require only a few hours. A difficulty appears when a 
sample may contain both strong and weak sources, since a short exposure time 
will not cater for a weak source. Two autoradiographs may then be required - 
the first will involve a short exposure time, revealing strong sources which can 
then be masked with lead-foil, enabling a second, long exposure to be carried out. 

The type of film used is not critical, because of the generally long exposure 
times involved, but it is better to use a fine-grained film than a high-speed one. 
X-ray films are very satisfactory, particularly the "occlussa!" films used in 
dental X-ray diagnosis; these are individually packed, ensuring that each sheet 
is fresh and completely unaffected by stray light. 

Generally speaking, autoradiographs are most useful when radioactive 
sources are difficult to detect, i.e. when discrete U/Th minerals cannot be 
identified. This occurs most frequently in rocks with low radioactivity distributed 
in diffuse form. 

fix) Radiomelry: In some respects, many radiometric instruments are 
too sensitive for mineralogical work because the simpler, quicker mineralogical 
techniques are unable to detect less than approximately 200 ppm U 3 O s 
equivalent to a discrete U mineral in very general terms. 

In one laboratory (Fander, 1 978 [I 9j) a small battery-operated Geiger 
counter (CD-V700 unit) has been found satisfactory. In this instrument the 
Geiger tube is well shielded, with three narrow slots for admitting radiation. 
Thus, when passing the detector over a sample, local centres of radioactivity 
can be quickly pin-pointed if present; alternatively, diffuse activity can be 
detected if sufficiently strong. If the instrument records no radioactivity, the 
chances of mineralogical detection are slim, and special techniques must be 
applied. Thus, the use of such an instrument enables a rapid initial assessment 
to be made of the mineralogical problems likely to be (net, together with an 
indication of (he possible scope and depth of the investigation. 



<s i Solution pel maabllity: lo measure porosity and permeability of rock 
Itrattt there are formal and standard methods developed, particularly in the 
hydrocarbon industry. However, a recent method has been developed in Canada 
I (Caiman 1977 | 20 j) for revealing small fractures and planes of penetration for 
Iftftching fluids. The method is an adaption of a non-destructive test for fine 
cracks in metal eastings and consists of treating a lump of rock with the dye 
pc ne I tan I "Zyglo" and examining the specimen in ultraviolet light. Sections 
can be made to show die depth and pattern of the cracks. 

<xi) fission track and neutron activities [21 ]: The fission tracks developed 
in a polycarbonate plastic film can be used to detect very low uranium con- 
cent rations and determine its distribution in a polished or thin section. 'I 'he 
method is superior to autoradiography as it is specific for " S LI and has greater 
lensitivity. Neutron activation of standard samples (in glass) can be used by 
comparative techniques to obtain a quantitative measure of the uranium present. 

2.4.3. Sc para tion teehniqu ss 

The techniques applied by the mineralogist to separate the various mineral 
components require special mention. They are designed to produce particular 
fractions, usually by some concentrating technique that will give a quantitative 
measure of the amount of mineral. When combined with a controlled grinding 
procedure a measure of the size distribution is also obtained. Such information 
Is valuable in assessing the potential of physical beneficial ion methods and can 
Ik- a most useful tool in analysing the performance of such methods. The second 
most useful application is to isolate in a more concentrated form, residual 
amounts of heavy minerals, which occur in very low concentrations in, for 
example, tailings - or at least assist in determining whether such fractions 
exist (as against, a ubiquitous distribution through gangue minerals). 

However, before dealing with techniques that actually separate the minerals, 
me n I ion should be made of the important techniques of grain and point 
cou u ting. In grain counting, the material is spread thinly and the separate 
grains counted using a microscope (usually binocular microscope). A millimetre 
grid is used lo facilitate the accumulation of the count but avoid counting twice. 

In point counting, random "points' 1 arc located over the surface and the 
minerals under the "points' 1 are identified and counted. The random points are 
generated by automatic movement of a mechanical stage or by an eyepiece 
graticule. 

These are most useful techniques for indicating the proportions of different 
minerals and, of course, if the mineralogist makes an estimate of grain size, the 
results give an indication of the size distribution in the particular sample being 
examined. However, I lie results will at best represent a very small sample and 
so Car as Size is concerned, no account is taken of the breakage characteristics 
nl the oie 
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TAIil E I. HEAVY UUUIDSITARATION/ASSAY DATA FOR VARIOUS 
SIZE FRACTIONS OF A URANIUM ORE COMPOSED OF QUARTZ 
(DENSITY 2.65 g/rnl), CHLORITE (DENSITY 2.9 g/ml), URANIN1TE 
(DENSITY 9.5 g/ml), SULPHIDES AND MAGNETITE (DENSITY 5 7.5 g/ml) 



Si'/.t: fraction 


Density 
(g/ml) 


Weight 




U' L ,0 8 


(mm) 


Assay (%) 


Distribution (%) 


+ 1 .6H 


<2.8 


98.4 


0.42 


52.9 




18 4.2 


1,6 


23.0 


47.1 




>4.2 

<X8 


- 


- 






100.0 


(0.78) 


100.0 


1.68* 0-S5 


97.8 


0.37 


45.5 




2.8-4.2 


1.9 


20.0 


47.8 




>4.2 

<2.8 


0.1 


53.0 


6.7 




100.0 


(0.80) 


100.0 


0.S5+ 0.42 


96.9 


0.30 


34.7 




2.8-4.2 


2.5 


9.0 


26.9 




>4.2 

<2.8 


0.6 


53.6 


38.4 




100.0 


(0.83) 


HIO.O 


0,43* 0.21 


95.2 


0.1 1 


12.0 




2.8-4.2 


3.5 


3.32 


13.4 




>4.2 

<2.8 


1.2 


54.0 


74.6 




100.0 


(0.87) 


100.0 


a 2 1 + o. i os 


93.5 


0.06 


4.8 




2.8-4.2 


4.5 


1.44 


5.2 




>4.2 

<2.8 


2.0 


55.4 


90.0 




100.0 


(1.25) 


1 00.0 


-0.105 + 0.053 


91.3 


0.05 


m 




2.8-4.2 


6.0 


1.09 


4.0 




>4.2 


2.7 


56.7 


93.2 




100.0 


(1.64) 


100.0 
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/•It; .'. Density gradient .•separation of size fractions of a uranium ore illustrating the increasing 
minora I liberation with decreasing size. 



The methods used for physical separation tire based on the same properties 
iipplied by I lie metallurgist. Methods generally applied (Zussman 1967 ] 14]) 
tftke advantage of differences in specific gravity, magnetic, electrical conductivity 
mid surface properties, the most widely applied being the first I wo listed. For 
specific analytical purposes hand picking is also used. 

Gravity methods: The Haul tain superpatiner, micro-paimers, wet tables 
Kuril as Wilficy) and, for some purposes, elutriators, are most useful for con- 
rciilraliug heavy minerals and closely simulate metallurgical operations. For the 
l.esl analytical da la on liberation, the use of heavy liquids is indispensible. 
'I here are two main techniques. 

In the first method, the density of the separating medium is adjusted so 
I hill 1 1 lies be I ween I he specific gravity of the minerals to be separated. The 
I eel i u n | ue is mosl useful for demonstrating the increasing liberation of mineral 
from composites as the grind becomes finer. Table I, taken from Henley 
el al. ( 1972 [22]), illustrates the results of such a technique. When other heavy 
minerals are present the technique can be combined willi microscope techniques 
inch as area estimation (Gaudin 1939 [23]) and poinl counting, 
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I AM. I ; . II. DISTRIBUTION OF I !.,()„ IN DENSITY GRADIENT 
SEPARATION PRODUCTS OF A URANIUM ORE, ILLUSTRATING THE 
INCREASING LIBERATION OF URANIUM WITH DECREASING GRAIN SIZE 



Density 


U 3 O s 


distn. i%) witli in 


Size fraction 


(mm) 


Main minerals) 


proSucJ 


-0.85 


-0.42 


-0.21 


-0.105 


present at 


((/ml) 


■i 0.42 


+ 0.21 


+ 0.105 


+ 0.053 


libera tii in 


.' (i .' 8 


24 


g 


2' 


1 


Quart/ 


2,8 il 


36 


34 


20 


3 


Dolomite 


1,1 i ( 


30 


36 


16 


4 


Fluorile 


1 1 


10 


22 


62 


92 


Sulphides 












Uraninite 




100 


100 


100 


100 





11 Jl preseatEd in this Table show that with decreasing size (ami increasing libera (ion) 

'" " ,lv "' ,v '"°'' e of [he uranium within a size fraction eonccntral.es in Hie >3.3 g/ m l 

ll ' , " ,,llv I IUl ''- The data «iay be compared with the visual appearance of the density 

I'nkIh-iiI', shown in I'-ig.l. 



I In' second heavy liquid technique uses a density gradient column (Muller 

1111,1 H "' 1 1J(, - S [24]) and is best applied to each size fraction of the screened 

"" In Hits teel i it iq tie [lie minerals separate into their various density positions 
in I lie liquid Column. They lend to concentrate in bands, which sharpen as 
Hi" grind becomes finer, giving fewer composite particles. The bands can be 
1*0 1 died and the minerals described and their quantities measured. Figure 2 
iiml I «b(0 II Illustrate the results of the technique (Henley et ai. 1972 [22]). 

Magnetic method® Magnetic susceptibility data for uranium minerals are 
SCMlty 88 noted by Hartmen and Wynian { I 969 [25]). However, the application 
"I magnetic separation techniques can be useful in empirically determining 
Whetlw the uranium is associated with (he magnetic or non-magnetic fractions. 
I"' lllliques include the use of (he Frarrtz Isodynamic Separator and high-intensity 
we I separators such as the Davis Tube. 

The various separation methods are the same as those applied to any other 
mmcriilogical problem which must be pursued in detail. Thus, supporting 
chemical analyses are often required, especially in those cases where the 
Uranium is present in some form of submicroscopic inclusions or in substitution. 
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3,4,4 Results 

By applying these procedures (generally several, in series and in parallel), 
the following results will be obtained with varying detail and accuracy, 
depending on the inherent nature of the ore, and the depth/extent of the investigation. 

(1) Identification of the radioactive phases; 

Mi) Identification of other economic or potentially economic phases; 

(in) The textural relationships, grain sizes, distribution, pangenesis, and 

associations of the phases identified under (I) and (ii); 
I iv I The metallurgical significance of the observations obtained. 

For the mineralogieal results to be of maximum benefit to the metallurgist, 
il is necessary to present them in logical sequence, clearly set out, with the 
minimum of geological terms, and incorporating observations relevant to 
processing. A good method of presenting results is by listing each mineral, in 
order of economic importance, processing significance and/or abundance. All 
mineralogieal data (as mentioned above) should be presented together with 
emphasis on special features (e.g. iron-staining, micro fracturing or other details 
likely to affect processing). Generally too, it is helpful to quote mineral 
formula, density and Moll's hardness, uranium content if applicable, and other 
details of value to the metallurgist. 

Specific information concerning chemical reactivity, possible sliming, 
possible flotation problems, behaviour of the material in grinding, anomalous 
magnetic features, shape factors, undue tarnishing effects and other details of 
I his nature form the bridge between mineralogy and metallurgy. Wherever the 
mineralogist can foresee potential problems, he should point these out as 
early as possible, 

2.5. Suggested modus operandi 

Let us assume that suites of samples are received in the laboratory for 
iniueralogical examination and comment. The suites at various times may 
comprise the following: 

( I ) Percussion chip samples of weathered and fresh materia); 

( 2) Drill core intersections of mineralized and unmineralized rocks; 

(3) Metallurgical test products, including leach residues. 

Examination of these Ihree samples will generally proceed separately^ 
because (hey represent different stages of the investigation of a deposit, 'thus, 
I he suggested procedures will be listed in sequence, although there is bound to 
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be some overlap I, should be emphasised that observations pertinent to 
m^rgy should be mad, as early as possible m the whole p^ecf eve though 
he may have to be modified late, as m „ re data accumulates Since, £ « 

Sctri^f^r^ ° f the deP ° Sit Wi " bC "*"* ** " s -logical 

" CtLnS " aDd the dl «^<*s between this and the fresh ore must be 
emphasized, to aid thinking and planning ahead. 

2.5. I. Percussion-chip samples 

Percussion-chip samples arc generally produced early in the evaluation of 
a potential ore deposit, dunng drilling operations. Therefore, the mineralogist 
» l.kely to base the first informal to the metallurgist on the basis of such 
samples. Because of the nature of percussion-chip samples, in which the 

material, the contmuity, or fabric, of the rocks has been disrupted. For this 
reason, percussion-chips yield only limited information; this particularly 
apphes to coarse-grained rocks (conglomerates, granites). Also, soft components 
may be lost or their proportions much reduced. 

Thus, percussion-chip samples must be treated with caution in terms of the 
data produced and examination of further material (drill-core, specimens from 
test-pits, shafts or trenches) is essential for obtaining a more complete picture 
ol the occurrence. However, they have the advantage of being more 
representative than hand-specimens. 

The examination of percussion-chip samples could fake the following 
courser b 



(i) Radiometric and ultraviolet scanning, in conjunction with stercobinocular 

microscope (iow power) examination; 

00 Selection of fluorescent material and most radioactive chips, for separate 

identification ot radioactive phases; 

(ni) Preparation of thin and polished sections. 

Frequently it is necessary to prepare thin-sections of friable, weathered rocks 

porous material, rock-chips or grains. A technique is outlined below which may 

he used quite successfully, without resorting to vacuum- impregnation or 

embedding methods. 

Prepare a stock of small slabs of brick (ordinary clay bncks), each about 
a» X 50 mm m size and 5-10 mm thick 

Place a brick slab on a hot plate and place the sample, or fragments or gains 
on the slab, as an even layer of closely-packed particles- ' 

Allow the slab plus sample to warm through thoroughly, expelling mo.sture, 
inn do not overheat; 



2-3 mm 




FIG ■ 3. Sampling half-core (reproduced from Kitagawa [2$ ] }. 



Impregnate the sample (and part of the slab) with an epoxy resin (of low viscosity 

if obtainable, with a long set ling time), so that all particles are thoroughly wetted 

and covered, forming a cohesive mass; 

Allow the sample to set on the warm hot plate over a period of several hours; 

the process should not be too speedy, otherwise impregnation will be incomplete. 

For this reason a slow-setting resin is essential; 

When the whole sample (+ slab) is thoroughly set, it is ground flat like a normal 

rock slab, and is then cemented in the usual way to a microslide; 

Subsequent preparation is the same as for a normal rock section. 

(iv) Preparation of microphotographs and autoradiographs of polished sections. 
Study of both together to establish nature and distribution of radioactivity; 
(v) Examination of all sections to determine (he uranium and other minerals; 
(vi) Separation by hand-picking or other methods of uranium minerals for 
further identification /confirmation by XRD, KPMA and chemical /spectrograph y 
analyses. 

2. 5. 2. Drill core samples 

Solid core samples, if examined in sufficient number to be representative 
of lateral and vertical and other variations, should provide adequate data for the 
metallurgist. They have the additional advantage of giving useful geological 
information for correlation, interpretation of genesis, and exploration. 

A sketch of how samples for mineralogical examination can be obtained 
from half core is shown in Fig. 3. 

Each sample should consist of a slice of core about 50 mm long and 
2 3 mm thick, taken longitudinally at predetermined intervals over the entire 
length of the half core. Each slice of core should be marked with an arrow as 
shown in Fig. 3 to indicate the direction of the bottom of the borehole, as this 
may be helpful to the mineralogist in studies related to the geology of the 
orcbody. The number of Ihc borehole and the depth of intersection (e.g. 32—267 
Hoi choir (2; dcplh 267 ml should also be marked on each sample slice as 
Illustrated In Fig, i for identification. 
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The frequency at which slices of core should be cut for microscopic work 
from each borehole will depend upon many factors, including (lie total length 
Of mineralized intersection, the number of types of ore, and the intersected 
length of each of these ore types in each borehole- 
There are no fixed rules as to how frequently sum pie slices should be cut 
from core for microscopic work; however, one suggested criterion is tabulated 
as follows: 

Length of intersection Im 2cm 3 m 4 m 5 20 m > 20 m 

Number of sample slices I 2 3 4 5 10 

It is important to document exactly where each slice of core was cut. 
whatever criterion is selected for taking samples, so thai the mineralogical 
data can be related to the overall ore-body. 

The types of examination are the same as for percussion chip samples. 
[n addition, the ofi'cuts from thin-section preparation are useful for preparing 
auto radiographs, which may be directly compared with the thin sections; 
(his is invaluable in studying non-opaque radioactive phases, especially where 
uranium and thorium arc in solid solution or some other concealed form 
(e.g. phosphates, clays, other silicates, sulphates etc.). 

Apart from the advantages of studying coherent masses of core in order 
to obtain data on the continuity, distribution and interrelationships ot the 
constituents, long sections or slabs of core may be ground and polished (or 
varnished), etched, auto radiographed, stained, or subjected to other techniques 
fur specialized study on a larger, semi- macroscopic scale; this provides a useful 
bridge between microscopic examinations and field observations. 



' 5 ? Metallurgical test products 

Since I he great majority of metallurgical samples are more or less finely 
ground, the information obtained is almost entirely mineralogical, and is, 
in a sense, restricted, for instance tcxtural relationships are confined to the 
dimensions of the grains examined. 

Thin sections may be prepared of coarser fractions (say + 200 fim, depending 
on other factors such as general grain size), especially to study the nature of 
composite grains, non-opaque inclusions, and other details. 

Often, however, non-opaque minerals are determined by preparing grain- 
mounts on glass slides. Mounting media may be permanent (e.g. epoxy resins, 
( 'anada balsam. Lakeside or similar preparations), or they may be temporary, 
using refractive index oils. The latter is generally the preferred technique, 
because an appropriate oil can be chosen, and because single grains can be picked 
on I or a different oil can be used on the same grain-mount, For instance, the 



use ol methylene iodide (di lodo methane) will automatically classify the grams 

,, ose wiih a refractive Index greater or smaller than 1.74. and with* density 

a li< we or below 3,3 g/cm 3 , if grain- mot in Is are so prepared (hat most arc able 
tO sink or float. Thus, such mounts have multiple purposes, yielding additional 
Information, It may be necessary to de-slime samples carefully in order to 
clean individual grains before they can be identified; needless to say this 
Operation mnsl be carried out with extreme care, to minimize losses of "light" 
Constituents. If necessary, the "slimes" can be dried and examined separately 
(e.g. by XRD for determination of clays). 

Opaque phases are examined in polished sections: such sections can also 
be tised for autoradiography or subsequent EPKCA. The main difficulty is that 
polished sections of grains, especially mixtures of minerals with a wide range 
of densities, are seldom representative. This difficulty is not at all easy to 
Overcome, and it is safest to use polished sections of grains only for qualitative 
mineralOgiCal determinations, or for relative assessment of individual opaque 
phases, using a grain-mount for determining total number of opaque grains. 

When examining polished sections of grains, in which the plane of the 
section makes arbitrary intersections with the individual grains, it should be 
remembered that "composite" grains are always more abundant than can 
he observed, by a factor which varies with the ore deposit. This is because a 
Certain number of ''composite" grains are intersected in such a way as to show 
Only one component in the polished surface: this bias works in only one 
direction (free grains are always free, composites may appear free, depending 
on Hie intersection). 

Of course, in particular it is to metallurgical test products that the results 
ol' die separation techniques described under 2.4.J are applied. Liberation 
■.Indies on screen fractions and the isolation of trace amounts of heavy minerals 
from tailings arc two examples. 

1, 6. Conclusions 

ll is well within die scope and competence of reasonably equipped and 
experienced mineralogists to obtain much information for the metallurgist 
to plan his programme and guide his experimental strategy. 

ll is essentia] that all personnel involved in the exploitation of a deposit 
ate aware I hat such information can be obtained, and to be conscious of its 
usefulness if properly handled and presented. 

The mineralogical information should be obtained at the beginning, not 
hall' way through a project or, as is far too commonly the ease, after spending 
fruitless ef fori using conventional techniques of metallurgy on a trial and 
etroi basis, when a more rational and sometimes innovative plan of attack 
could he formulated by prior knowledge of mineralogy. 
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3. URANIUM ©RE PROCESSING METALLURGY 
3.1. Introduction 
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,L2. Processing chemistry 

i' ..'. /, ( hamlcal response oj uranium minerals 

Uranium minerals can lie dissolved by acid solutions or alkaline (carbonate) 
solutions. 

Their are two valency states in which uranium occurs naturally - the 
hexavalenl form, (he oxide of which is U0 3 . and the tetravalent U0 2 . In its 
hexavalen! form uranium goes directly into solution as illustrated by Eq,(l), 



U0 3 + 2H*-*-tK3|* +H 2 



(1) 



In the case of hexavalent salt-type mineral compounds, a simple double 
decomposition applies by thermodynamic solubility equilibria criteria. In 
solution, the uranyl ion forms complexes with the sulphate ion and in the case 
of alkaline solutions with the carbonate ion, thus: 



UOf -1- 3(S0 4 ) 2_ - UO a (S04>f 
UOr +3<C0 3 ) 2 -^U0 2 (C0 3 )t 



(2) 
(3) 



for reaction (1), as applied to the alkaline carbonate process, the hydrogen 
ion is Supplied by bicarbonate which must be present for this purpose. When 
I he uranium is present in the tetravalenl form as in UQ$ , such as it is in part in 
uraninite, it does not dissolve at perceptible rates and requires oxidizing to the 
licxavalent form; thus: 

UOj - 2e -* IJOf (4) 

The oxidation reaction can be quite complex, rapid oxidation in acid 
medium being achieved mainly by the presence of ferric ions in solution: 

U0 2 + 2Fe :i+ ^UOf + 2Fe 2+ (5) 

Hydrogen ions are not involved in this reaction. However, to maintain 
Hie dissolution of the U0 2 , the Fe 3 ' must be renewed by subsequent oxidation 
of the Fe 2 "' formed in Bq.(S), a reaction which requires hydrogen ions. Thus, 
if manganese dioxide is used as the source oxidant, the following applies: 



2rV I MiiO, 1 -nr - JT'e" I Mn**4 2H,0 



(6) 
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Hi'' Uk 1< "i nuoli .i i atatyil whli h la largely responsible foi the very different con- 
ditions required In i nrbonsto leaching as < ornpttred with aeid leaching. Carbonate 
leaching calls I'm mow severe conditions of pressure and temperature, often a 
longer leaching lime, and finer grind. 

This is a simplified summary of the basic chemistry of the leaching pro- 
cesses. For greater detail refer to Merrill (1971 [30]}, Ciegg and Foley 
(1958 [3 1 I), Wilkinson ( 1962 [32|) and Laxen I 1973 [33]). However, although 
it is important to understand the sloichiomelry of this basic chemistry, the 
economics of the leaching process are controlled by a complex interaction of 
kinetics and stoichiomctry. Thus (in the absence of certain anions sue!) as P<) 4 . 
V0 4 etc.), uranium will stay in solution at pM 3.0 to 3.5 and indeed a fresh 
precipitate of uranium can be redissolved at pH 3.0. However, the rate at which 
almost any uranium mineral will dissolve at ambient temperatures is too low at 
pH 3.0 for practical industrial extraction processes. The rale of solution depends 
upon those parameters which affect the kinetics of heterogeneous chemical 
reactions generally, namely reagent concentration, temperature, particle size 
and mechanical processes affecting diffusion (e.g. agitation). 

However, given a fixed set of conditions, the reactivity of the minerals then 
plays the major role in the rate process. Fortunately, many of the commonly 
occurring uranium minerals are relatively easy to leach. More important, they 
generally leach under conditions in which most of the associated gangue minerals 
are relatively unreactive. There are some notable exceptions and a number of 
uranium minerals which are so refractory to acid attack that they cannot he 
treated economically without first separating them from the major portion of 
their more reactive host-roe k minerals. Those minerals most refractory to acid 
attack tend to have their uranium in the four-valent state (although many four- 
valent uranium minerals are not refractory provided suitable oxidation condi- 
tions are provided) and alkaline carbonates arc generally ineffective in dissolving them. 

The major part of the world's economic uranium resources exist in uraninite 
or pitchblende and, although the rate of dissolution will vary depending upon 
the form, grain size, and association with host minerals, in general a satisfactory 
dissolution rate can be effected with sulphuric acid solutions of pH 1.5 to 2.0 
and alkaline carbonate solutions containing between 30 and 60 g/litre Na 2 C0 3 
and 5 to IS g/litre NaHOO, , provided suitable oxidation conditions arc main- 
tained. In general, similar conditions will dissolve the hydratcd oxides such as 
gummitc, shoepite and becqu ere lite as well as hyd rated minerals and some 
hydro-silicates such as coffinite and uranophane. 






Uranium min«rol* eowtalnlw cms hoiphorus and vanadium an no\ 

im nnii i h.-iiiimiviu njiiiihiiimi solubility eon ilden is ulone suggesl 

thai they require relatively hlghei aoidlUes to be m tainted In the leuehlngand 

subsequent loflCh solution. II loibenile and aiituinle air major contributors oi 

n M hi ;u i in an ore, pi Is of 1,5 to 1.0 are more effective in achieving speedy 

dissolution. 

Reactivity of mixed-oxide minerals and combinations with titanium and 
Zirconium are significantly less than the simple uranium oxides and salt com- 
pounds, thus, brannerile. an important source of uranium, generally requires 
acidities of a I least §,5E sulphuric acid. However, their reactivity can vary 
greatly; some uraniferous zircons, for example, will readily dissolve at these 
Concentrations but others are most refractory. Davidite also is quite refractory. 
The only commercial operation which treated this mineral used boiling 7N 
sulphuric acid for the initial leaching. 

3,2.2. Chemical response of gangue minerals 

The reactivity of the gangue minerals and the contribution that their 
dissolution products make to the leach solution have profound effects on the 
chemistry and economics of uranium extraction. 

Quartz; Quartz is a non-reactive mineral and the fact that it is the major 
component in some of Ihe world's largest uranium occurrences, sueh as the 
conglomerates of South Africa and Canada, contributes (by default of other 
reactive minerals) in no small measure to the economic exploit ability of these ores. 

Carbonates: Although some dolomites and siderites react relatively slowly, 
carbonate minerals in general consume their stoichiometric equivalent of acid 
at the pH required for the dissolution of uranium minerals, and their presence 
as a major component lias usually been the determining factor in initiating the 
consideration of alkaline carbonate leaching. Gypsum hy contrast is a problem 
in the alkaline circuit, reacting to form calcium carbonate and forming sodium 
sulphate in solution. 

Phosphates: Apatite is not as reactive in acid as carbonate and its reactivity 
is variable. However, to a greater or lesser degree, it consumes acid at relatively 
low acidities and its rale of dissolution at pit 1 .5 or less is significant. In addition, 
the phosphate going into solution can complex the ferric ions and thus inhibit 
their role in the oxidation process. Another effect is that, in subsequent pro- 
cessing, phosphate ions can cause reprecipitation of uranium if the pi I is not 
maintained below 2.0. Finally, some phosphate may find Us way to the yellow 
cake in unacceptable amounts. 
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Tin.- role ii]" Mil- ferric ion in the acid dissolution of UOj is mosl Important. 
1 1 acts essentially lis an electron transfer "caWyst 1 ". Neither oxygen, manganese 
dioxide nor chlorate ions, far example, is effective in oxidizing U0 2 at practical 
rates under ambient conditions of temperature and pressure. 

ferric ions cannot be maintained in alkaline carbonate solutions and it is 
I lie lack of such a catalyst which is largely responsible for [he very different con- 
ditions required in carbonate leaching as compared with acid leaching Carbonate 
Caching calls for more severe conditions of pressure and temperature, often a 
longer leaching time, and finer grind. 

'fins is a simplified summary of the basic chemistry of the leaching pro- 
cesses. For greater detail refer to Merritt (1971 130]), Clegg and Foley 
< I m [3 I ]), Wilkinson ( I 962 [32 and l,axen (1973 [33 |). However, although 
it is important to understand the stoichiometry of this basic chemistry, the 
economics of the leaching process are controlled by a complex interaction of 
kinetics and stoichiometry. Thus fin the absence of certain anions such as P0 4 , 
VC.X, etc.), uranium will stay in solution at pH 3.0 to 3.5 and indeed a fresh 
precipitate of uranium can be redissoived at pH 3.0. However, the rate at which 
almost any uranium mineral will dissolve at ambient temperatures is too low at 
pH 3.0 for practical industrial extraction processes, the rate of solution depends 
upon those parameters which affect the kinetics of heterogeneous chemical 
reactions generally, namely reagent concentration, temperature, particle size 
and mechanical processes affecting diffusion (e.g. agitation). 

However, given a fixed set of conditions, the reactivity of the minerals then 
plays the major role in the rate process. Fortunately, many of the commonly 
occurring uranium minerals are relatively easy to leach. More important, they 
generally leach under conditions in which most of the associated gangue minerals 
are relatively unreactive. There are some notable exceptions and a number of 
uranium minerals which are so refractory to acid attack that they cannot be 
treated economically without first separating them from the major portion of 
their more reactive host-rock minerals. Those minerals most refractory to acid 
attack tend to have their uranium in the four-valent state (although many four- 
v a lent uranium minerals are not refractory provided suitable oxidation condi- 
tions are provided) and alkaline carbonates are generally ineffective in dissolving them. 

The major part of the world's economic uranium resources exist in uraninite 
01 pitchblende and, although the rate of dissolution wiil vary depending upon 
the form, grain size, and association with host minerals, in general a satisfactory 
dissolution rate can be effected with sulphuric aeid solutions of pH 1.5 to 2.0 
■ 1 nd alkaline carbonate solutions containing between 30 and 60 g/litre Na 2 C0 3 
and 5 to 15 g/litre NaHCO.,, provided suitable oxidation conditions arc main- 
lined. In general, similar conditions will dissolve (he li yd rated oxides such as 
I'.uuiiuile. shoepite and becquereiite as well as hydra ted minerals and some 
hydro-silicates such as eoffinite and uranophane. 
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I r;n, ninerals containing OtlS 61 phosphorus and vanadium are not 

uncommon, I hannodynaralc equilibrium solubility considerations alone suggest 
thai ihrv require relatively higher acidities to be maintained in the leaching and 
lUbsequenl leach solution. If torbenite and autunite are major contributors of 
tile uranium in an ore, pHsof 1.5 to I. Oare more effective in achieving speedy 
dissolution. 

Reactivity of mixed-oxide minerals and combinations with titanium and 
/.ircon in 111 are significantly less than the simple uranium oxides and salt com- 
pounds, fh us, brannerite, an important source of uranium, generally requires 
aridities of at least 0.5N sulphuric aeid. However, their reactivity can vary 
greatly; some uraniferous zircons, for example, will readily dissolve at these 
concentrations but others are most refractory. Davidite also is quite refractory. 
The only commercial operation which treated this mineral used boiling 7N 
sulphuric acid for the initial leaching. 

1' ' 2. Chemical response of gangue minerals 

The reactivity of the gangue minerals and the contribution that their 
dissolution products make to the leach solution have profound effects on the 
chemistry and economics of uranium extraction. 

Quartz: Quartz is a non-reactive mineral and the fact that it is the major 
component in some of the world's largest uranium occurrences, such as the 
conglomerates of South Africa and Canada^ contributes (by default of other 

reactive minerals) in no small measure to the economic exploitability of these ores. 

Carbonates: Although some dolomites and side rites react relatively slowly, 
carbonate minerals in general consume their stoichiometric equivalent of acid 
a I the pll required for the dissolution of uranium minerals, and their presence 
as a major component has usually been the determining factor in initiating the 
consideration of alkaline carbonate leaching. Gypsum by contrast is a problem 
mi l lie alkaline circuit, reacting to form calcium carbonate and forming sodium 
gulphate in solution. 

Phosphates: Apatite is not as reactive in acid as carbonate and its reactivity 

is variable. However, to a greater or lesser degree, it consumes acid at relatively 
low acidities and its rale of dissolution at pH 1 .5 or less is significant. In addition, 
the phosphate going into solution can complex the ferric ions and thus inhibit 
their role in the oxidation process. Another effect is that, in subsequent pro- 
cessing, phosphate ions can cause reprecipilation of uranium if the pit is not 
maintained below 2.0. finally, some phosphate may find its way to the yellow 
cake in unacceptable amounts. 
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Silicates: Of the silicate minerals little systematic work lias been dona to 
indicate a particular order of reactivity. Tlie Uowen's Reaction Series can give 
some indication. Certainly, of the "primary" and un weathered rock-forming 
minerals, il is reasonable to expect that the more basic the mineral the more 
reactive to acid it might be. This is illustrated in the reactivity of the allanite 
host mineral in the Mary Kathleen ore of Australia. 

However, the silicate minerals occurring in most of the world's large uranium 
deposits are those associated with weathered material in sedimentary rocks, in 
metasediments and their weathering products. 

It is these minerals -- bio tile, chlorite, sericite and various clay minerals 
and their various proportions - which in the absence of highly reactive minerals, 
tend to effect the greatest control in the treatment process, both leaching and 
subsequent operations. All of them react in acid to a greater or lesser extent at 
pH below 2,0 and can be particularly reactive below pli 1.5. The final choice 
of acidity, time and temperature ofleach, to optimize the recovery and economic 
value of the recovery, is to a large extent controlled by the differential rate of 
attack on these ore minerals as compared with the uranium. These optimum 
conditions can only be determined by experimental testing procedures. 

Iron oxides; 'I 'he reactivity of the various iron oxides and hydrous oxides 
is also variable but the rate of dissolution is usually significant at the pi! range 
used in acid leaching of uranium ores, in fact these minerals and the ierro- 
magnesium minerals, present to a greater or lesser extent in all ores, contribute 
the all- important ferric ions for the oxidation reaction. 

Sulphides: The behaviour of sulphides like the silicates cannot be explicitly 
predicted. However, in general the presence of sulphides suggests that more 
oxidants may be required and as a result also possible higher acid consumption. 
In addition, their presence may indicate that the ore may be subject to rapid 
weathering and bacterial leaching in stock-piles etc. In fact the presence of 
pyrite in low-grade ores should suggest that bacterial leaching be examined. 

C arbonaceous const ititen Is: Oraph i fee a n d re I a ted m a ferial s p rese n t i a 
carbonaceous shales are generally un reactive but can lead to problems owing to 
the physical locking or the disseminated uranium mineral, or sometimes in the 
solid liquid separation processes. 

I, ..'. . >'. ( 'iiemistry of concentration from solu lion 

The solutions obtained from leaching the ore contain a complex mixture 

ol eat ions and anions. If alkaline leaching is uwd. an advantage is demons! ra led 
m the Lie I I ha I the leaching process effects a more selective separation. How- 
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ever, I In- uranium concentration is slill quite small, so that eoneenlralion and/or 

recovery processes must still be applied. 

From I he aeid leaching processes, the composition of the resulting solution 
depends on mineralogy, but there is always a proportion of aluminium, iron 
and magnesium and usually some silica and a variety of other rnetals such as 
titanium, vanadium, lanlhanons and thorium. 

Al concentrations of between about 0.5 and 1.5 g/litre, uranium is there- 
Fore a minor constituent, considering the molecular weight involved. Thus, the 
molar eoneenlralion of U0| + is seldom more than 0,005 in solutions which are 
lypieally greater than 0,15 molar in total sulphates, up to 0,3 molar being not 
Uncommon, A highly selective process is therefore required to prepare a high- 
grade uranium product from such solutions. 

Three main processes have been used — selective direct precipitation, ion 
exchange, and solvent extraction. The following species can be present in the 
sulphate solution: 



UOf, U0 2 S0 4 , U0 2 0HS0 4 , Lf0 3 {SQ 4 )^and U0 2 (S0 4 )^ 



(7) 



In the range of concentration and pi I usually existing in process solutions. 
ll() 2 (S0 4 )3~ is the dominant species. The characteristics of these ions, such as 
uuil I i valence and low solvation, favour the adsorbate in ion-exchangeable 
Systems, and advantage is taken of this in the use of solid ion exchangers (resin) 
and liquid ion exchangers (solvent). Oeneral reactions of the following type take 
place: 

( I ) Ou a ternary amine anion exchange: most resins are of this type, e.g. 
resin in chloride form: 



4R 4 NC1 + U0 2 (S0 4 )$- ** (R 4 N>4 U0 2 (S0 4 h + 4C1" 



(?) 



(.!) Tertiary amine anion exchange: most solvent systems use this type, e.g. 
a solvent in a chloride form: 

4R 1 NHC1 + U0 2 (S0 4 )2" -(R 3 NH) 4 U0 2 ($0 4 ) 3 +401" (9) 

(3) Alky I phosphate cation exchange: some solvent systems are of this type: 

2RjHP0 4 + UQf -■- (R 2 P0 4 ) 2 U0 2 + 2II + (10) 



No cation exchange system has been used with resins. In industry, the 
resin system is railed ion exchange ( IX) and the liquid solvent system is called 

solvenl extraction t.SX) and will be referred to thus. 



toil-exchange processing is also applied to the extraction and concentration 
of" uranium from alkaline sodium or ammonium carbonate solutions. The pre- 
dominant anion species in this case is U0 2 (CO :l )|~ which undergoes exchange 

by mechanisms similar to those shown for the complex sulphate anions. 

Both IX and SX consist, of two parts. In the first part, liquor is contacted 
with organic phase to transfer the uranium relatively selectively into the organic 
phase. This is termed the absorption stage in IX and the extraction stage in the 
SX. hi the second part, the organic phase is contacted with an aqueous solution 
of such a nature that it strips the uranium back into a high-grade, relatively pure, 
uranium solution. In IX this is termed the elution. and in SX the stripping stage. 

These processes result in a considerable concentration of the uranium, the 
final solutions to precipitation containing between 15 and 30g/litre U 3 ("V 
However, although they are fortunately highly selective, there are a number of 
elements which can be derived from the minerals in the original ore and cause 
problems in these processes, owing to relatively irreversible reactions causing 
"poisoning" or fouling, or owing lo (lie fact that they pass through the processes 
to a sufficient degree to appear as impurities in the final product. Some such 
elements are silicon, iron, titanium, thorium, lanthanons, molybdenum, phosphorus 
and vanadium. 



3.2.4. Chemistry of precipitation 

The final chemical stage of the acid process is the precipitation from the 
high-grade solution. Although direct reduction to U0 2 and precipitation as 
uranium tetrufluoride and also as peroxide have been proposed and studied, 
commercial practice uses precipitation by pH adjustment. 

The precipitation process is quite complex and much remains lo be 
elucidated. Essentially it consists of converting the basic UO? + cation into an 
insoluble precipitate which can contain a mix lure of the compounds: hydrated 
uranium oxides, basic sulphates and uranates. 

The basic UO^ ion has a linear structure and combines with water to 
form an oetahetrally co-ordinated complex ion U0 2 (H 2 0)£\ As the pH is 
increased the following types of reactions are thought to occur: 

Ncu trcdization: U( ) 2 ( H 2 0)£ + 4 O H "-* UO 2 ( H 2 O) 3 OH 4 " 

Polyinerizalion by condensation: e.g. 

2U0 2 (H.,0),OH + ^[UO,([[ 2 0) 2 OH|f +■ H a O 

|UO,(H 2 0) 2 OKl 2 + U0 2 (II 2 0),OH + -*■ [U0 2 (H 2 0) 2 HO|& + H 2 



2H 






Anion combination I his < (ill lake the form of more < Ml neulrnUisliig the 
polymeric cations and prei Ipitating as hydrated oxide or partial combina- 
tion with SO4" to precipitate basic sulphate. 
Diuranate ions form probably because of I he attack on I he hydrogen oT 

the Oil bridge in the polymeric cation by free Oil" ions, thus: 



|U0 2 (H 2 0) 2 ()ll|| H I 20H ■ 



|U0 2 (H 2 0) 2 C)|?" + 2H 2 






Willi ibis complex chain of simultaneous reactions il is little surprise that 
Ihe physical and chemical properties of the precipitate are strongly depemleui 
on Ihe conditions such as type of base employed; rate of addition of base; 
agitation conditions; whether the process is interrupted (held for any time at 
a given pH); and the temperature used. 

The precipitation from alkaline leach liquor is no doubl equally complex. 
Acid can be added lo neutralise fully the basic anions to pH 6.0 when the 
ttranium precipitates mainly as a hydrated oxide with some diuranate. However, 
lo recover the alkaline reagenl, precipitation is usually effected by addition ol 
caustic soda. The free HCOJ ions are first neutralised and then the earbonale 
complex dissociated. 

However, in the high pH condition existing, the final product formed is 
predominantly the diuranate and the overall reaction can be represented by 

2[U0 2 (C0 3 )., 1" " + 601 1"4 2Na + ~> Na 2 U a 7 t6C<>i'+ 31l 2 

None of the above is particularly dependent on mineralogy. However, as 
pointed out earlier, although the concentrating processes of IX and SX are 
selective, certain metal ions can "leak" through (o the concentrated sol u I ions. 
In the ion-exchange process, in particular, ferric ions can appear in significant 
concentration and this has led to the split precipitation procedure at p!! 3.0 
to 3.5, sometimes using a cheap base such as lime. The uranium is then recovered 
from the fill rale of ihe iron precipitate. 

Most other metal impurities derived from the original minerals tend lo he 
controlled by introduction of fractional elution or scrubbing procedures in the 
IX or SX circuit (e.g. thorium, rare earths, molybdenum). 

i.i. The metallurgical investigation 

J. 3. .1 . Dcvclopnwn t of a project 

'the four main phases through which a project may pass are as follows: 
(a) Prospecting.; This phase generally covers work leading up lo Ihe discovery 

of targel areas for exploration. Ad hoe samples are analysed and investi- 
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gated mineraiogicaliy so that a prelim inary idea can be obtained of the 
amenability of the ore to processing. 

(b) Expiration into evaluation: During this stage the presence of an orebody 
is confirmed and its average grade, ore reserves and geology are determined 
by further drilling. Detailed mineralogical studies and bench-scale 
metallurgical tests are conducted on borehole-core samples and a 
preliminary evaluation of the flowsheet and economics are undertaken. 

(e) Development ami basic engineering: This phase may include trial-mining 
operations, pilot-plant proving of the selected process on bulk samples, 
compilation of the basic engineering specifications for mining and ore- 
processing equipment, preparation of capital and operating cost estimates 
and the undertaking of a full feasibility study. 

( d ) Detailed engineering, construction and commissioning.- Du ri ng t h i s phase 
the pilot plant results and basic engineering have to be translated into the 
final plant. The most important consideration here is that the plant should 
be constructed and commissioned within the time and expenditure envisaged 
and that it should perform according to the design throughputs and recovery 
efficiencies assumed in the feasibility study. 

Although an activities schedule would indicate various degrees of overlap 
in real time, these phases will be discrete as they will be defined by policy 
objectives, a financial budget and a schedule of elapsed time. There will also 
be discrete subdivisions of activities within each phase. 

Therefore, the metallurgist must first distinguish the particular objectives, 
the kind of recommendation required and the sensitivity of the project, at the' 
particular phase, to his recommendation. The sensitivity will be affected by the 
extent of the commitment being made and the proportional weight that 
metallurgical considerations might contribute to the making of the commitment 
decision. 

Thus, from one or a few samples submitted on an ad hoc basis during the 
prospecting phase, usually the kind of recommendation sought is little more 
than an opinion or signal to management of the degree of ease or difficulty that 
might be encountered if an exploration programme succeeded in discovering 
an orebody similar to the sample. Such an opinion can often be given from the 
knowledge of the grade and the mineralogy alone with no experimental metal- 
lurgy at all. However, the commitment to exploration implies substantial 
expenditure so that it is important to have a metallurgical interpretation of (lie 
mineralogy. If geological indications are strong, metallurgical considerations 
are unlikely to carry great weight for making a commitment to a preliminary 
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exploration programme (such as preliminary drilling). However, if the mineralogy 
indicates a rock highly refractory to metallurgical treatment, further commitment 
should be shifted in emphasis to metallurgical study with only limited field work. 

During the exploration si age work will progress to a preliminary Feasibility 
study. However, the metallurgical flowsheet used would be based on implication 
lor many operations. The exception would be the first extraction stages, thai 
is heiieficialion (if lelcvani I and lent liinjj, Much metallurgical study should be 
devoled lo llicsc processes ill llus phase, so thai tl is likely thai Ihey are close lo 
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being optimised toy the end of this} phase. 01 course, suitable signals would be 
generated and work initiated ii serious problems were suspected from subsequent 
treatment stages, 

Various criteria of a similar kind will apply in each phase, affecting the 
breadth and the depth of detail required to be studied. 

1 1 ts evident Unit a project is multidisciplinary and requires team co-operation 
With good communications and adequate understanding of each role in order to 
make I he most effective plan of work. 

Concerning the communication between mineralogy and metallurgy, the 
degree ol sophistication required in the mineralogical information generally 
increases with I lie passage through the various phases of the project. Breadth 
rather than depth is required at the beginning, tt is important to have knowledge 
of variations existing in the orebody so that basic mineralogical information ot" 
a range of samples is imperative, hater on. however, the metallurgist will be 
interested in learning more about the nature of the uranium in the tailings, 
particularly if its value is relatively high and stubborn to treatment. 

3 1,2. flowsheet and economic considerations 

Section 4 reviews current practice in operating flowsheets. However, at this 
poinl il is relevant to discuss the flowsheet in broad terms in order to indicate 
Hie relative contribution of the various operations to the overall economy and 
technology of processing. 

A schematic flowsheet of the operations involved in processing uranium ores 
is shown in Fig.4. The flowsheet can be divided into two parts as shown by the 
side brackets: that part which is primarily dependent upon the mineralogy of 
I In 1 ore and the quantity of ore to be treated and that part primarily dependent 
on I lie quaii lily of uranium being recovered and the purity of the product 
i' uulred, < hade of ore is the common denominator linking size and mineralogy 
wllh specific processing details. 

I licie are some generalizations relevant to the philosophy of planning a 
I m. if i, mime of metallurgical investigation: 

ful Mmiv op i inns are available in detail within this broad flowsheet framework 
Hfld il Is seldom that there is only one unique solution to any particular 
i ir' Nevertheless the factor which most influences the final overall 
I '.i Mem ol' I he lechnology is the mineralogy (and all it implies) of the feed 
malerial Availability of process materials and personal choice are the 
two ue.vl iiinsl influential factors. 

(b) 'the delail of [he procedures adopted in the stages following leaching can 
lie much influenced by the beneficiation (if used) and leaching procedures. 
I lowever: 



(fl) H Hie technology of the treatment can be demonstrated to the end of the 
leaching Stage, the lechnology is available for the remainder of the flow- 
sheet, liconomie problems may still exist (for very low-grade solutions for 
example) but the technology of recovery from solution is generally assured. 

What (b) and (e) in particular imply is that, although detailed work must 
be done on all parts of the process in order to prepare a specification for the 
Una) flowsheet, emphasis and priority should be directed to demonstrating a 
satisfactory procedure for the "primary" extraction processes, that is the pro- 
cesses involved to the stage where uranium is in solution. These processes 
include mineral beneficiation if it is relevant, and note that for the sake of com- 
pletion of this argument it is agreed that the processing could be completed if 
a suitable concentrate could be produced by physical beneficiation alone. 
Such has been the case on tare occasions, notably in recovering pitchblende 
from vein deposits. However, this fact does not alter the basic generality of 
the above implication. 

This implication is supported by consideration of the contribution which 
the various stages of the flowsheet make to the economics of the overall opera- 
lion. This matter is dealt with in detail in Section 5, Tables X and XIV illustrate 
the importance of trying to optimize the operations handling the ore and, within 
I hose operations, the leaching process in particular. 

it is also implicit in planning technological investigations that undue effort 
should not be devoted to methods which are patently uneconomic. Good ideas 
should be tried and the application of excessive quantities of reagents, for 
example, can be useful in giving basic information, but true innovation requires 
adherence to economic constraints. Within this project framework a metallurgical 
programme for a grass-roots project can generally be divided into four phases. 
'the first phase consists of laboratory experiments on preliminary samples to 
develop a basic, workable treatment scheme. The second phase involves gathering 
available information concerning the geology of the orebody, the mining plan 
and the ore mineralogy. The third phase consists of detailed laboratory metal- 
lurgical testing on samples representing the range of feeds expected in the plant 
and the fourth phase, pilot plant test work on one or more samples. The last 
phase may involve pilot study of the whole process or be limited to certain 
crilicul operations. 

3.3,3, Sample's 

'I'he I on ns I ha I various samples will lake have been summarized under 2.4.1. 
For metallurgical work, samples will generally be confined to outcrop material, 
percussion ihill samples, trench samples, diamond drill core and certain bulk 
samples from ensleens, shafts or tunnels. 
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FIG. 5. Distribution of drill cote (reproduced from Kitagawa \2&\). 



The outcrop samples will more likely come as the ad hoc samples referred 
to earlier from the prospecting phase of the project. Ex peri mental work, it" 
ret] uirecl, is confined to a few basic tests of the predictions made from the 
mineralogy. 

Percussion drill samples or pulverized quarter core (from assay sampling) 
may form the main material available for the preliminary work. However, 
trench samples or diamond drill core are most desirable to get information 
concerning comminution and its effect on the processing. 

Preliminary work tends to be done on samples as they become available 
chronologically. However, systematic detailed metallurgical study calls for 
considerable care in the selection of samples and their blending to form a 
suitable sample of the whole ore or the specific relevant type of ore to be studied. 

The factors and ore characteristics affecting these considerations are: 
mineralogy, grade, quantity and disposition. 

By far the most satisfactory place to resolve the matter of sample selection 
and blending is in the field, with the whole team involved so that the geological, 
mining, grade and mineralogical factors as far as known are accounted for, 

( a ) Distribution of d rill core 

A diamond drill core costs a great deal and is inherently limited in quantity. 
Therefore, careful planning is needed to obtain the maximum useful information 
from this source. The exploration geologist usually arranges for drill cores to be 
examined initially to logdataon the identity of minerals present along with 
their associations. At this time the metallurgist may also request information on 
the relative hardness of the ore, the coarseness or fineness of mineral dissemina- 
tion and its specific gravity. The whole core is used by the mineralogist for 
these examinations with no loss of material. 
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I he subsequenl Analysis niul tBKliiiH oi dull cores Involve assaying, mlneni 
logical studies, giindabtliiy m woit. Index tests, mineral liberation size deiei 
iiimai ions and concentration tests, A suggested method of splitting and 
distributing core lot these purposes is shown in f'ig.5. 

for those ores that are susceptible to rapid alteration when exposed to 
[he atmosphere, adequate precautions should be taken throughout the test 
programme to minimize oxidation of the samples. This may include placing 
I he sa tuple in a plastic bag, purging with nitrogen, sealing, and storing in a 
freezer for subsequent metallurgical testing. 



I b) Quantity of sample 



The question of how much sample, involves a number of considerations 
not tiie least being the methodology of sampling. The previous section discussed 
Hie care required in the selection from the orebody of the kind of samples and 
how they are made up. However, the preparation of a small aliquot of material 
to be representative of a larger sample of mined ore, or of crushed composite 
drill core, requires adherence to strict sampling procedures. Here, it is not 
possible to discuss either the manipulations or the statistics of sampling, 'these 
are dealt with in textbooks, handbooks and special publications on metallurgy, 
mineral dressing and assaying. 

However, the mineralogical character of I he ore again plays a significant 
role. Particular care is required, for example, if it is known that the values are 
distributed with little uniformity or in irregular high-grade spots such as massive 
pilch blende in vein deposits. Also, a characteristic of many ores (such as the 
conglomerates and sandstones) is that the uranium is more concentrated in the 
finer fractions. If a good mechanical sampling system is not available, these 
characteristics can present formidable problems in reducing coarse bulk samples 
from development mining to smaller samples representative of the main sample. 
However, even in sampling crushed drill core they indicate that particular care 
is needed in order to avoid segregation and loss or disproportionate distribution 
of fines. 

Returning to the question of the quantity of sample for metallurgical 
study in early work there is sometimes little choice (as indeed unfortunately 
I here is also little control on the "sampling") and work must proceed on that 
which is provided. Of course, there is no intrinsic reason why the chemistry 
should nOt be the same on a few grains as on large quantities. Work on single 
small samples (less than lOOg) can supply useful "signal" or survey information 
during the prospecting and early explondion phase, hut should be restricted In 
thai objective. Reports should clearly Indicate Hie nature and limitations 
imposed by ihe size of (be sample mi Hi' 1 Mibsequi'ul recommendations, 



in general, leaching studies should not be done on samples of less than 
100 g, bnl preferably 500 g, which is a good size for routine work, minimizing 
sampling and material balance reproducibility problems but commensurate with 
practical containment in laboratory-scale equipment. 

'I'd plan a reasonably complete programme for preliminary metallurgical 
evaluation, approximately 50 kg of sample are required. 

Whilst involved in the specific tasks of blending and sampling;, there is 
considerable meril in breaking down Die larger 50-kg sample lot (for example, 
by coning and quartering) to a series of smaller, more manageable lots such as 
10 kg. It is then relatively easy to riffle individual experimental lots of 500 g 
or so from the 10-kg portions. 

Similarly, for much larger mine samples (2 [o 5 t), it is advantageous to 
put the material through to the secondary crushing stage and then to divide it 
by a mechanical device such as a rotary splitter or circularly oscillatory belt 
distribution, so that the material can be stored in a series of discrete but blended 
representative lots of say 400 to 500 kg, 

J. 3. 4. Th e experimen tal programme 

The material presented thus far has indicated that a combination of informa- 
tion on the mineralogy and grade of the ore, together with a working knowledge 
of the extractive metallurgy of uranium, will allow a considerable narrowing of 
the initial choice of the line of investigation. 

'I'he absence of gangue minerals that are reactive towards acids, e.g. 
carbonates, would immediately suggest emphasis on an acid leach programme, 
unless some special constraint - usually not associated with mineralogy alone - 
suggests that an alkaline (carbonate) leach might be preferred. The identifica- 
tion of refractory uranium minerals will clearly indicate problems ahead and 
suggest a thorough look at beneficial ion procedures. When both sulphides 
and carbonates are present flotation should be looked at as a means of producing 
a concentrate for acid leaching and (possibly) a tailing for alkaline leaching. 

These decisions are empirical and rely to some extent on the experience of 
l lie personnel, both mineralogist and metallurgist. However, this experience is 
nothing more than an intuitive understanding of the particular ore type under 
consideration, given a general mhieralogical description. 

In assessing the amenability of the ore to a leaching process the following 
|uii :une I crs must be considered: reagent quantity, reagent concentration, screen 
'.i/c of ore, lime, concentration of solids in the slurry, temperature, pressure and 
agitation conditions. 

A few ad hoc experiments are justified with a fixed set of conditions to 
tUS! Hie general response of the ore to the type of treatment proposed. How- 
ever, the most effective way of proceeding is to carry out a set of multivariate 
experiments, each parameter being varied over a selected range. 
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Fid. 6. f, caching of uranium ores - a test scheme. 



A complete factorial study of all the parameters is seldom justified in the 
first set of experiments. Such an approach is expensive, difficult to manage and 
much of the effort rather academic (and there is always the risk of choosing the 
wrong basic process at this stage). A practical compromise can be made, based 
on mineralogy and experience with past practice. Some parameters can be 
fixed in the first series and si tidied later where relevant. Thus, for acid leaching, 
ambient temperature and pressure can be used, the agitation can be fixed at a 
level lo produce turbulence through the mix lure, the concentration of solids 
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iii the slurry fixed a1 say 50$ by wcif.li I and the oxidant reagent added only [I 
the redox potential falls numerically below —450 inV (compared to saturated 
pa loin el). 

The results of such a series of experiments are usually simple to interpret 
so far as indicating the trend towards the possible optimum. A number of 
formal techniques can be applied for the analysis of multi-variate experiments 
where more complex factorial studies are necessary. 

Figure 6 summarizes the above discussion and illustrates as a small insert 
the ap i? Heat in n of the "fiillclimb" technique of response surface derivation. 

(a) Leaching reagents 

Refractory minerals such as pyroehlore, uraniferous zircon, thorite, 
davidile and crystalline brannerite may possibly be more extensively exploited 
in the future, for these minerals especially aggressive conditions are required and 
reagents such as nitric acid and hot concentrated sulphuric acid may be required. 
Relatively exotic innovations will possibly be necessary to handle these materials. 
With tins brief mention the matter must be dismissed here, except to indicate that 
(here is a growing need tor a review devoted to this subject. 

The data pre sen led and discussed in Section 4.2 make apparent the economic 
reasons why the alkaline carbonate leach process is not used except under con- 
ditions where excessive acid-consuming carbonate minerals are present in the ore. 
Also, it is unfortunate that a uranium mineral, refractory to acid attack, is 
usually no less refractory to sodium carbonate solutions so that the alkaline 
leach offers little hope in that problem. However, unusual things can happen, 
particularly with metamict minerals, and some experiments with high- 
tern |->eratu re carbonale/bicarbonate solutions should be tried if faced with this 
situation. 

Ammonium carbonate appears to have found a permanent place for in-situ 
leaching where dilute uranium solutions are produced for recovery by ion 
exchange. This reagent also offers some advantages in agitation leaching, in that 
it can be recovered by steam stripping if, for example, a resin was used in the pulp 
process. 

Turning to the main process in use, the dilute acid leach, the use of multi- 
variate experiments as already described is the only way to estimate the correct 
quantity of reagent (as indeed it is for the alkaline leach as well). The acid 
consumption is mainly controlled by mineralogy but the final incremental 
variations are strongly dependent on temperature, time and the actual concentra- 
tion of the acid, as these parameters control the rate of attack on the less reactive 
silicate minerals in particular. To study the effect of the acid concentration 
itself, it is advantageous to plan two series of experiments in the preliminary 
study. 



In one series ;i chosen annum! ol acid is added al the bee. mi', nl I lu- 

leach and the free acidity measured during the progress. of time but no Imlhci 
acid added. A suitable range of acid addition might be based on the amount .it 
ore such as 20,30, 50, HO and 100 kg/t. Alternatively, Hie quantity of acid 
mighl be such as to have, at the commencement of the leach, a certain concentra- 
tion of acid such as 0.1, 0.2, 0.3, 0.4 and 0.5 N. 

In I lie second series the experiments should be done under conditions of 
controlled pH, using a range such as pH 1.0, 1.5, 2,0, 2.5, acid being added 
during the experiment to maintain the chosen pH. 

Two-stage leach techniques should be examined if these experiments indicate 
thai a relatively high free acidity is required to attack the uranium but. owing 
lo lack of reactive gangue, much of the acid remains at the end of the teach, 
this is similar to the situation with the brannerite in conglomerates at Blind 
River. 

Of course, oxidation conditions must be attended to, usually by adding 
sufficient oxidant to maintain the redox potential al -450 mV, or numerically 
greater (with respect to the saturated calomel electrode). 

lb) Temperature 

Increasing the temperature will cause an increase in the rate of teaching 
I he uranium. The use of temperatures between 05 and 75°C is common practice 
in the Witwatersrand and Elliot Lake areas in order to achieve satisfactory 
uranium dissolution. However, for many ores the increase in temperature will 
also increase the rate of attack on many gangue minerals with consequent 
increase in acid consumption and other possible deleterious effects on I lie 
composition of the liquor, 'these effects can only be determined by experiment. 
However, in considering the flowshecl conditions, the effect of the process 
conditions themselves, including the ambient temperature of air ami water 
Supply, musl not be overlooked. 

Grinding heats the slurry and the heat of dilution of sulphuric acid is 
significant. These effects can be relatively accurately estimated by calculation 
and, if for no other reason than lo correclly simulate the future operation, 
laboratory experiments may require some small heal input. In at least one 
operation (Mary Kathleen) a laboratory study indicated a distinct advantage 
lo be gained by con trolling Hie lemperalurc rise caused by acid dilution and 
led lo dilution and cooling prior lo addition to the leach. 

(c) Oxidants 

Sodium chlorate and peroxides are convenient oxidants lo handle (bul 
piescu! a hazard which must nol be forgotten! i. Sodium chlorate can lead to 
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FIG. 7. Schematic diagram showing rein live rates of comminution of two minerals, x, y . 



an accumulation of chloride ions in the barren tailings and therefore limit the 
ability to recycle. 

Pyrolusitu (manganese dioxide) need not be very high grade and if there 
is a source within reasonable distance it can often be mined and milled for 
supply more cheaply than the above oxidants. An advantage of manganese 
dioxide is that it reacts to convert Fe 3+ to Fe?+ at lower temperature and acid 
concentration that does sodium chlorate. 

As far as preliminary experimental work is concerned any of the above 
oxidants can be used. The final choice of oxidant is almost entirely a matter 
of economics, unless the use of oxygen itself is contemplated when more 
sophisticated pressure technology is involved. 

(d) Comminution and screening 

The amount of study to be devoted to this parameter and operation depends 
upon the degree to which physical beneficiation is being considered in preference 
to direct leaching. In two commercial techniques at present being practised 
comminution is either unnecessary (in-situ leaching of sandstones) or only 
applied for primary breakage (dump leaching). 

For agitation leaching, comminution is a necessary operation. However, 
in acid leaching it is not unusual to find that the final size of grind specified 
is selected for convenience of handling the slurry. This is the case in many 
operations processing sandstone ores, where even complete release of the 
individual sand grains is not always necessary for leaching. Dense ores require 
finer grinding to expose the uranium mineral and relatively fine grinding is 
required for alkaline leaching. 



1 1 is ri "lUMiiirally desirable to avoid overgrinding. However, in conLrasI 
i.o Ihe requirements of physical beneficiation, the production of "fines" hi 
itself is not deleterious in the leaching operation. 

One disadvantage usually claimed from overgrinding is a deleterious effect 
on the subsequent solid liquid separation processes. Although this fact is not 
disputed, the degree of this problem is more a property of the mineralogy such 
as the presence of inherently soft or fine minerals clays, micas and chlorite. 

However, if physical beneficiation is being considered, comminution is 
more than an operation of simple size reduction. It becomes one of the important 
integral parts of the process. Physical separation processes become increasingly 
difficult as the size of the whole ore becomes finer and there is no physical process 
which is satisfactory for separation of minerals in the extra fine sizes (say less than 
5 jL*m). 

In addition, although all minerals in an ore undergo a reduction in size during 
comminution, the rate at which each appears in the finer fractions varies depending 
upon the original particle size and the rate at which it grinds. Figure 7 illustrates 
this effect in the form of a sizing distribution of the mineral components. 

No matter what process might be favoured in the initial planning the inclusion 
of work on the sizing distribution is important. Apart from giving a lead to the 
possibility of beneficiation, the information forms a valuable background to the 
whole treatment problem. 

Some of the techniques used by the mineralogist for analyses of sizing distri- 
bution have been discussed in Section 3. 

Work Index estimation: The determination of Work Index using the Bond 
grindahility method is necessary at some stage to assess the power and the size 
of the mill or mills required. 

The Bond test is performed in a 305-mm-dia. ball-mill (dry) and a relatively 
small quantity of ore is required. This makes it possible to test drill core samples 
of deep-level ore. For maximum information work index tests should be carried 
out in conjunction with the tests to determine the mineral liberation size. Rod- 
mill work indices can be determined for any mesh from 4 to 65; however, the 
normal range is from 8 to 28 mesh. The ball-mill work index can be determined 
for any sieve size below 28 mesh. It is important that the mesh of closing sieve 
selected for both tests is such that the ground product from the test is slightly 
finer than the product required in the commercial plant. Failure to take this 
precaution may result in undersizing the grinding units for the commercial plant, 
especially with ball mills, as the power requirement to grind minerals that are 
already at their natural grain size may increase very sharply with any increase in 
size reduction. 

If autogenous or semi-autogenous grinding are to be considered for the 
commercial plant, Ihe appropriate grinding tests should be conducted. A simple 
melliud ol pi iilui nij'. nulogeiious grinding mill requirements for processing ore 
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from ;i new deposit lias recently been published by Loveday (1978 1 34 J ). 
A method litis been developed for testing semi-autogenous milling at a small 
scale (McPherson 1977 [35]) and the results of this test eould be used in a 
preliminary feasibility study. However, pilot-scale tests will be necessary to 
determine fully-autogenous and semi-autogenous milling characteristics for 
the plant design. The use of this type of milling eliminates secondary and tertiary 
crushing and can result in savings in capital and operating costs. However, relatively 
wide changes in product size and plant capacity can occur as a result of changes 
in feed quality. 

Comparative work indices are also sometimes useful in deciding on the 
alternatives of finer grinding or the use of sand/slimes classification. Thus sand- 
stones and granites can show a steep increase in grindability when the "natural" 
grain size of the quartz particles is reached or, to be more specific, most of the 
work is transferred from breaking up the rock into its "natural" grain size to 
reducing the size of those separate mineral grains. 

Advantage can also be taken of mill vendors' facilities in testing the applica- 
bility of their products to grinding in particular. 

(e) Physical beneficiation 

As referred to in the introduction to this Section, with a few notable excep- 
tions physical beneficiation has not been widely used in processing uranium ores. 
However, the potential economic advantage, if it can be used, is substantial and 
this increases as the grade of the ore goes down, so that no investigation should 
proceed without some consideration of the potential of the various methods 
available. 

The earlier in the processing that beneficiation procedures can be used the 
greater the potential saving. For this reason selective mining techniques and 
radiometric scanning of ore tracks are sometimes used and can be classed as 
important beneficiation procedures before the ore enters the battery limits of 
the mill. 

There are several useful techniques which can be applied to coarse rock. 

Heavy medium concentration may be used if the host rock is mixed with 
country rock of different density. This technique was very successfully applied 
at the Radium Hill mine to treat the ore after the secondary crushers, the feed 
size being minus 25 mm plus 1.67 mm. 

The density of various rock types can be determined using an air pyenometer 
and this information correlated with grade. A stepwise change from low to accept- 
able grade which coincides with a reasonable incremental change in SG is a good 
indication. In modern equipment separations can be made with an SG difference 
of 0.1. 1 iner sizes (down to 150 |Um) can be treated in the cyclone which will 
make a reasonably clean separation with a difference of 0.01 to 0.0?.. However, 
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TABLE III, &SSAY VALUE OF TOTAi l-ln SAMPLE G,25S% U 3 b 
Reproduced from 1 1 arris am! Steele ( 1 960 I ?(j ] ) 



Assay range of IJ.iO b 


% Weight 

of sample 


A v tragi; assay 

%u 3 o g 


Dtstribut ion oj" 
UjOg (total) 


Less thai) 0.02 
0.02 to 0.04 


24.7 
8.2 




0.008 
0.025 


> 




Rejected by 
sorter as waste 


0.04 to 0.05 


nil 




- 








0.05 m 0.06 


nil 




- 




> 


Cut-oft" set 0. 07':--: 


0.06 to 0.07 


1.0 




0.068 






0.07 to 0.08 


nil 




- 








0.08 to 0.10 


nil 




- 








0.10 to 0.20 


2,0 




0.1 10 


J 




0.20 to 0.40 


36.5 




0.270 


\ 


Reported on ore 


0.40 to 0.75 


27.6 




0.570 


J 


belt 



good uesliming is mandatory for both pool and cyclone separators. Therefore, 
a significant weight fraction of the ore must be liberated in the coarse fractions 
to make the operation economically meaningful. 

Radiometric and colour sorting are also techniques to he considered for 
heueficiating before grinding. Once again the favourable indication is to demonsira| l 
a significant incremental change in grade (for radiometric sorting) or in grade ami 
"colour" {for colour sorting) from waste to ore rock. Radiometric sorting has been 
used in Canada and Australia. 

Table III gives results of the preliminary study carried out to test the potential 
of sorting for Mary Kathleen and indicates the favourable "break" in grade. 

Considering techniques applicable to ground ore a simple form of beneficia- 
tion is screening or similar size classification, and a size distribution analysis will 
immediately indicate the potential of this technique. Consideration can also be 
given to sending a coarse grit and sand fraction of low grade to a heap leaching 
operation. If, following a basic sizing distribution analysis from a mineralogist, 
a more extensive investigation is undertaken into a range of beneficiation processes, 
it is useful to commence with a more detailed analysis, applying simple separation 
techniques in the laboratory lo provide products for the purpose of I lie analysis. 

If the minera logical analysis has shown that the uranium minerals are coarse 
grained, gravity concentration using tigs, cones, spirals or sluices may he possible. 



43 



analysis 



/ 



sluices 



-^_ 



fable 



Colour/ 
iHtJirjrnemc 
sor I in-;] 



Spiral 
column trillion 



ff&W-srfflet 



Dnnse 
media 



Efteijjffl i. 

pulp density, 
pH cleaning 



Wei high in;t?nsity 
rnsrjnelir: srijjura- 

ImnfWIIIMSI 



Screening of 

flotation 

mounts 



frIG.8. Screen ing of pre en n ce n tra tio n pro ee lies. 
Separation.) 



Froth 
tluintion 



{WHIM'S- Wet High Intensity Magnetic 



The techniques described in Section 2 tor heavy liquid separation analysis 
or size fractions will give a good indication of the potential of the techniques. 
For example, if separation is not effective in heavy liquid at SG 3.3 it is unlikely 
to be effective in most mechanical gravity devices. In addition, most gravity 
machines are also sizing machines. The best combination is to have the heavy 
mineral fraction in the fine end of the size range being considered, always bearing 
in mind, however, that the very fine "slime" fraction cannot be treated. A test on 
a laboratory shaking table will indicate the best results that are possible using these 
devices. The ore should be ground to pass 300 fim and a portion of the ground ore 
should be split into size fractions by hydraulic classification. The classified frac- 
tions wiil give the best results on the shaking table (and on the other devices), but 
the circuit becomes more complex, A few tests of this type will give a good indica- 
tion as to whether gravity concentration is worth pursuing. 

Magnetic concentration (high and low intensity) should be considered. 
Gravity concentrates and a suitably ground sample of the ore should be subjected 
to wet high-intensity concentration at progressively higher field strengths. As with 
gravity concentration, the efficiency of wet high-intensity magnetic separation 
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decreases its tin- particle size becomes smallm i horefore, In both rases ll may ba 
necessary lo deslirne the feed and only upgrade the sand fraction. An analysis of 
recovery as a function of particle si/.c will indicate the size a I which upgrading 
becomes economic, 

Finally, flotation should lie considered as a means of upgrading uranium ore. 
Flotation lias been used to concentrate davidite and branneritc and separate them 
I inin rcaelive silicalcs so that strong acid a I tack could be applied. 1 1 has also 
proved useful in flotation of pyrite fractions from carbonate in [lie USA ami from 
gold tailings in South Africa. Fatty acid collectors with or without combination 
Ol fuel oil has been used for the oxide minerals and xanthafes for (he sulphide 
flolalion. indications that flotation might be applicable can only be examined by 
empirical evaluation of a range of reagents. Water quality can be importanl in 
ffttty acid flotation particularly. 

Of course, any indication of success in bencficiation must be followed by 
Study using laboratory or pilot-scale machines simulating the prototype operation. 

The results of all these upgrading tests may be determined by monitoring 
i ad ia I ion with a rate meter, which will indicate the degree of concentration, and 
a lew samples of the ore, concentrate and tailings should be assayed for calibration 
I'm poses, figure 8 summarizes the screening process which might be applied for 
Initial evaluation of bencficiation. 

(f) Roasting 

Roasting of the ore before leaching can be applied for a variety of reasons 
SUCll as the following: 

(a) Modification of gangue minerals such as montmorillonite, to enable the 
Solid/liquid separation to function after leaching. It is believed that this 
is being investigated for the Yeclirrie calcrete ore for alkaline leaching where 
clay minerals have created severe problems. 

Ih) Modification of the gangue to release uranium and also possibly reduce 

Ihe weight of ore to be leached, 'this would apply particularly to earbonaecou 
shales etc. This is one case where ex Ira fuel energy may not be required. 

fc) Recovery of vanadium — salt roasting is a classical technique although strong 
acid leaching is now generally preferred. 

1,1) A I lack of refractory mineral fairly drastic bill may be Ihe only way. 

|[ is mil uncommon to find that Ihe solubility of the uranium will eitltei 
remain satisfactory or improve over a given temperature range and then deteriorate 
quite rapidly with fuiihei temperature rise as more stable compounds an- formed. 
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Differential solution can sometimes be effected by taking advantage of the different 
Ihermal stabilities of metal sulphates. Experimental work on roasting is aimed al 
delineating these factors and the application of the thermal balance and of differ- 
ential IhiTinal analysis anil mincralogical techniques can be very informative. 

([.',) Alternative leaching procedures 

Alternative methods to agitation leaching for extracting uranium into solution 
include bacterial leaching, heap leaching, in-situ leaching. 

In fact, bacterial-assisted leaching takes place to some extent in both heap 
a ml in-situ leaching. However, the main indication for a particular study of this 
technique is the presence of pyrite or of a nearby supply of pyrite, particularly 
for application to heap leaching of low-grade material. Encouraging results have 
been obtained in establishing the bacterial process in a separate "fermenter" to 
produce ferric ions and acid for circulation to the leaching site, thus alleviating 
the problem of maintaining oxygen supply to the heap. 

Laboratory investigations into any of these techniques are usually confined 
to establishing an initial formula for the leach solution and to studying the basic 
el) em is try of processes which might interfere or enhance the operation. It is 
apparent that if leaching does not proceed under agitated conditions in a laboratory 
there is little point in applying the conditions in heaps or in situ. However, having 
established such a basic formula, further experimental work in the laboratory will 
soon enter a phase of rapidly diminishing returns, so far as scale-up interpretation 
is concerned and work will be required on heaps or in bore holes. Obviously, both 
geological and mi n era logical indications must be favourable for in-situ leaching 
to be considered. Thus, lack of porosity, or irregular "honeycomb" porosity, 
steeply dipping porous beds and lack of impervious containment strata are some 
con tra-indi eating factors. Carbonates are contra-indications for acid leaching and 
sulphides (which consume soluble oxidants rather avidly) and to some extent 
gypsum contra-indicates for alkaline (ammonium carbonate) ieaching. 

(h) Solid-liquid separation 

Mineralogy has a considerable influence on the dewatering processes of 
thickening and filtration and their very important function of washing. The 
in I induction in the late 1950s, and subsequent development of synthetic poly- 
aciylainide floeculants, has relieved this problem, particularly In the acid eircuils. 
I Itese fas I acting floeculants, Iiowcvct, do not always succeed in producing a 
iii ar supernate and it is advisable to study the effect of combining some of the 
slower acting (and cheaper) natural product floeculants such as the guar gums 
wilh I he polyacrylamides, mixtures which can sometimes achieve the high settling 
rales with good clarity at a lower cost. 
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Early in I he programme there will usually be an indication from the mineralogi- 
c;il leporl as to whether this operation will In- a problem. I lowever. settling tests 
in cylinders and filtration measurements, using small filter leaves, should be 
Included in any work in which any significant change has been introduced such 
as in the ore type (sample) or leaching conditions. 

Textbooks and handbooks give adequate background information. Good 
empirical procedures have been developed by filter manufacturers (who will also 
often supply the laboratory filter leaf) which can be interpreted for scale-up with 
reasonable accuracy. 

For the evaluation of thickener size, the method of Couche and Goldney 
( 1959 f 371), an empirical adoption of the Talmage and Fitch ana lysis, can be 
recommended. It has been confirmed in pilot plant studies and used in subse- 
quent design of several operating counter- current decantation (CCD) thickener 
circuits. 

(i) Other stages in the flowsheet 

Mineralogy affects all the stages in the process, in the sense that it is reflected 
in the leach liquor composition, which in turn is the main reason why the specific 
details of the flowsheet of one plant vary from that of another. There are no fixed 
rules for indicating exactly how a particular combination of ions will behave in the 
extraction process, or to what degree it will affect the purily of the product. All 
the high valency metals, elements forming high valency anions or complex anions, 
are suspect and components such as silica and titania, which tend to undergo 
irreversible hydrolysis and polymerization, are possible causes of problems, flic 
presence of metals such as molybdenum and cobalt, to which the specification 
of the product is particularly sensitive, may indicate the need to introduce a 
process variation, 

(n the preliminary programme, work can be confined to carrying out resin 
equilibrium and solvent shake-out experiments to plot equilibrium curves and see 
(hat they conform to expectation. 

Spectrograph^ analyses of selected feed and product liquors at that stage 
wilt indicate the presence of problem elements. However, the degree to which 
problems might arise from irreversible reactions causing accumulation of reagent 
"poisons", and polymerization leading to resin blockage or solvent interface 
"crud", can only be studied in a multi-cycle continuous system, simulating operat- 
ing practice. This work should form part of the later detailed study. 

3.4. Preliminary assessment 

A I I he com pie I ion of I he exploration phase of a project, the metallurgical 
sliiily should be completed lo the end of the preliminary experimental in vest i- 
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gatioii and adequate background Information gathered by the metallurgist for 

liim to recommend I he appropriate basic flowsheet and preliminary estimates. 

A flowsheet showing mass and volume balances should be constructed and 
written down as early in the programme as possible and as soon as a process is 
defined^ even if much remains conceptual and requires experimentai verification. 
SilGh an exercise will indicate aTeas in the process to which the economics are 
most sensitive to uncertainties and put in perspective the magnitude of the whole 
process as well as its various parts. 

Absolute amounts, of recoveries and losses can be assessed. In comparing 
the technical results of two or more processes or conditions of processing, the 
percentage recovery is commonly used as it is a useful index of comparison. 
However, percentage means very little when comparing the economics of alter- 
natives except to indicate that there is more or less material yet available. The 
actual amounts and value of uranium won or lost are the numbers that count and 
[lie mass and value of materials determine the magnitude of equipment required. 

In addition, such a flowsheet identifies side-streams and recycle-strcams 
that must be accommodated in the process. Thus, backwash solution from sand 
clarifiers does not disappear. If discarded it is a waste of water and will carry 
some uranium to waste. If it is recycled to the wash circuit (the usual procedure) 
that circuit may not be quite as efficient. Likewise, solution from special scrubbing 
or wash elution stages in SX and IX must be accounted for. 

Therefore, writing down such a balanced flowsheet early in the investigation 
can be very informative. The background information required to supplement 
the results of this metallurgical work is the input from the other disciplines in 
the project team and covers the following forms: 

Geology and mineralogy. The general geology, geological ore reserves and the 
disposition of the mineralization within the deposit, in other words the detailed 
mineralization model. There should be a clear understanding of the drilling plan 
and trenches or shafts developed to produce the samples and, of course, the 
variation of mineralogy and grade. 

Mining. The basic concept proposed for mining the material should be known 
along with initial ideas on cut-off grades and possible dilution; also the type of 
diluent rock which might be expected. 

Services. It is necessary to know the availability of essential services — 
the source, quantity and quality of the water supply; availability of power; and 
the quality of access for the transport of equipment during construction, and 
daily to and fro of goods and services during operations. 

Site location. Much of the above information will be considered, together 
wilh oilier geographical and sociological constraints, to develop an early concept 
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Of the site, its development and the constraints It may place on any flowsheet 
considerations. 

Costs and supplies. Finally, it is important to have developed basic data for 
estimating. Questions might be asked such as those concerned with unit costs of 
earth moving, foundations and similar civil work in the area; costs of steel on site; 
any special award loadings. Enquiries should be made concerning the availability 
and supply position of steel and similar basic materials, and any especially large 
equipment such as crushers, mills, large motors and electrical switch gear. 

Input to project. At this stage the metallurgist should be expected to develop 
data to compare alternatives, particularly developing comparative treatment costs 
for various grades and mill capacities. Such data must be available to combine with 
alternatives developed for mining, in order to generate and optimize an overall 
mining plan and project model. Every block of rock must be given a value or range 
of values to estimate whether it is ore or waste and so develop the total concept. 

Although much detailed metallurgical study can be proceeding in the develop- 
ment phase of the project, it is only after the completion of the above considera- 
tions that the essential parameters affecting the final flowsheet are fixed and work 
can proceed to the detailing of this flowsheet specification. 



3.5. Pilot plant 

Following the determination of the preliminary process flowsheet, the 
development of that flowsheet involves study and evaluation of detail. Much 
of this work has to do with the operation of the process and the hardware to 
carry out the operations. Materials handling characteristics, for example, must 
be considered. This is often left to a contractor to cope with, but unfortunately 
all too often with sketchy specifications, under the mistaken impression that one 
ore handles like another. The consideration of detailed conditions in such processes 
as solvent extraction, ion exchange and product precipitation all come into this 
stage. 

Although highly relevant to the broad subject under discussion, it is beyond the 
scope of this report to deal with these aspects in detail. It is plainly necessary to 
develop the subject of metallurgical evaluation of uranium deposits. However, the 
pilot plant and its role require some mention before closing this section. 

First, the idea that as night follows day so a pilot plant follows laboratory 
work, is not valid. Some work will usually be justified using pilot-scale equipment 
and major innovations affecting hardware or unit operation design parameters 
i v. I nil c ik'liiilcd pilot-scale sdnly. However, a total flowsheet operation on a con- 
tinuous pilol scale Is Seldom required lor process and engineering design purposes 
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alone (training objai Uvea are dealt with below), The continuoui opari pilot 

plant is certainly not .1 satisfactory medium For experimental work, Willi h 1 an 
rarely be adequately controlled. Experimental work is best done In the laboratory 
or by isolating a particular operation tor-study in pilot-scale equipment, under 
batch or simulated continuous operation. The continuous pilot operation is 
the place to demonstrate that all operations can be run continuously together 
at a nominated daily rate, to test the effectiveness of the chosen conditions, 
measure data to evaluate the effect of recycle streams, and detect any long-term 
effects of trace components and get some measure of the performance of materials. 
Indications of problems with materials handling can be obtained (hut not necessarily 
cured at this scale of operations). Important detailed "tuning" to the flowsheet 
can be done, but if any serious prohlem arises it is best to "go back to the drawing 
board", in this case the laboratory or isolated batch study for experimental work. 

The objectives of proceeding to a continuous pilot-scale operation must there- 
fore be the subject of very deliberate definition. Frequently the purpose has more 
to do with the education and training function, which is a very valid objective and 
thoroughly justifies such an operation in relevant circumstances. However, if these 
are exposed as key objectives, the operational plan must reflect them. Exercises 
in developing operating procedures, sampling schedules and operator training, for 
example, can be most valuable experience before having to do the same tasks for 
the future large-scale plant. 



4. INDUSTRIAL ORE-PROCESSING PRACTICE 
4.1. Uranium ore -processing technology 

An outline was given in Section 3 of the various unit operations involved in 
processing uranium ores. As shown in Fig. 5 the overall circuit can be divided into 
two major parts. The first part is dependent primarily upon the mineralogy of the 
ore and the quantity of ore to be treated; the second is principally influenced by 
the quantity of uranium being processed and the required product purity. 

Nearly all the current industrial operations are based on two general flowsheet 
arrangements. These two basic flowsheets are illustrated in Figs 9 and 10. Figure 9 
shows the unit operations that are used in the acid circuit which is used by most 

plants. 

The ore preparation, grinding, and leaching operations of most acid leach 
circuits are similar, but after the leaching step two different routes have been 
followed. In one type of operation (A), a solids-liquid separation is made on the 
leach product slurry, and either resin ion exchange or solvent extraction is used 
to recover the uranium from the clarified liquors. In the second general type of 
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operation (B), the leach is separated into sand and slime fractions. The sand 
fraction is washed, the wash solutions are combined with the slimes and the soluble 
uranium is recovered directly from the slimes slurry hy resin-in-pulp (RIP) tech- 
niques After this point, the remaining operations are again similar. 

Figure 10 illustrates the steps in the alkaline circuit, which was developed to 
treat limestone ores and other materials in which the carbonate content was too 
high for economic processing with acids. Most of the alkaline leach operations 
have used flowsheets similar to that shown in Fig. 10. 

These I wo flowsheets are basic- to industry, but a wide variety ol equipment 
arrangements have been used to meet (he M>reil'ie nerds of individual milling 



SI 






(I,, 



Ijii'P HI 



Grinding 



Thickening 



Air - 



Carbonate 
leeching 



C0 2 



Recercjoni^ytion 



Barren 

solution 

(recycled) 



flWVCl* 
solution 



i 



-*■ Taili r>gs 



NaOH 



Precipitation 
and nitration 



Drying 



Yellow cske product 
FIG, 10. Alkaline pro cess: General flowsheet. 



operations. The following sections discuss the various unit operations and equip- 
ment used for thsese flowsheets, and also examine the general influence of ore 
mineralogy on the unit operations. 

4. 1 . 1 . Ore preparation 

Ore preparation includes operations such as blending, crushing, grinding, 
roasting, and beneficiation. The objective of these operations is to prepare a feed 
that will permit the best balance of uranium recovery and minimal costs in the 
subsequent processing operations. Some ores may require all of these preparation 
operations, olliers may need only one or two. 



(a) Blortdtng 

The need for blending is strongly dependent upon the distribution of 
uranium in the ore and on variations in its mineralogy. Blending techniques have 
ranged from the simple systems used in many parts of the USA to the complex 
procedures used at the Mary Kathleen mill in Australia. Wreford (1965 [38] ) 
has reviewed the operation at Mary Kathleen where selective blasting was used 
followed by radiometric monitoring of the individual truck loads. 

After monitoring, the trucks were dispatched either to the stockpile system 
or to waste dumps. The .mill feed was further controlled by blending from the 
stockpile system. Similar techniques have been used in some US mills processing 
sandstone ores. The variability of the orebody must be carefully assessed to 
determine the degree of blanding required because large-scale blending systems 
are costly. 

( h) Crushing and grinding 

The primary objective of the crushing and grinding operations is to produce 
the degree ofliberation required for effective leaching. A secondary objective is 
to produce a material that can be slurried and pumped through the processing 
circuits. The degree of grinding required to achieve these objectives for different 
ores may vary considerably. Sandstone ores normally require only that the sand 
grains be broken apart and the surfaces scrubbed sufficiently to expose the 
minerals to the action of the leaching agents. It is rarely necessary to break the 
grains of a sandstone ore, but this may be desirable for ores containing refractory 
minerals. Depending upon the mineralogy and the type of ore being processed, 
the required grind may vary from 3 to 200 mesh. Each ore source must be 
evaluated to determine the degree of grinding required for optimum operation. 
The data listed in the Summary Tables in Part III illustrate the variability in grinding 
requirements, but some general trends are discernible. For example, the grind 
lor most acid leach operations on sandstone-type ores has been in the minus 
28-mesh to minus 35-mcsh range, while that for limestone ores treated by alkaline 
leaching has normally been minus 65 mesh. The grinding required for conglomerate 
ores is more variable and is often expressed as the percentage of material passing 
through a 200-mesh screen. A grind of 50% passing 200 mesh is not uncommon, 
lint for some ores much finer grinding may be desirable. It has been possible to 
leach some ores such as the granite-type Rossi ng deposit, at much coarser sizes. 

Many uranium plants have used conventional three-stage crushing followed 
by open-circuit rod mills and closed-circuit ball-mill systems. In some sandstone 
operations, the ball mills have not been necessary. A relatively recent trend in mills 
processing sandstone orea IS to accomplish both the crushing and grinding in semi- 
aulogenous mills, In thSM OpMatiOflS the run of mine ore is fed directly to an 
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autogenous mill thai is operated In i losccl clrcuil with a sizing devi< a such as a 
DSM screen. If applicable, this type of comminution system can simplify operations 

I decrease costs. This type of autogenous or semi-autogenous cascade mill has 

been installed W several US uranium mills in Wyoming. Semi-autogenous wet 
grinding in pebble mills has also been practiced on conglomerate ores in 
South Africa and Canada. 

Metallurgical mineralogy can be an effective guide both for selecting the type 
and degree of grinding tbat should be investigated for any new ore, and also for 
trouble-shooting the grinding when difficulties develop in the grinding circuit or 
an operating mill. 

(c) Benefieiation and pretreatment 

As discussed in Section 3, the mineralogy of uranium ores has limited the use 
of physical benefieiation in uranium ore processing. The composition and 
characteristics of most uranium ores are such that it is often possible to upgrade 
a given ore, but the uranium recoveries are usually not adequate, and the uranium 
content or the tailings are unacceptably high. However, consideration should 
always be given to the potential for physical benefieiation because a number ot 
economic advantages are possible. These advantages can include the following: 

Transportation costs from a. remote mining location to a central processing plant 
could be reduced significantly; 

The capital costs for the ore treatment section of the processing plant (Section A 
of Fig. 5) may be appreciably lower. This effect becomes increasingly important 
as tbe grade of the ore decreases; 

Removal of reagent-consuming gangue materials can reduce the leaching reagent 
requirements and other process interferences. 

Physical benefieiation may also offer the opportunity to concentrate the 
more refractory uranium minerals into a stream thai can receive special, more 
severe treatment. This type of procedure may have an advantage for ores that 
contain refractory minerals such as davidite or carbonaceous uranium -bearing 
components. 

As previously described, the techniques of metallurgical mineralogy can 
provide an effective guide for determining the benefieiation potential of a given ore. 

A wide variety of physical benefieiation or ore pre treatment techniques have 
been investigated, some of which have been applied on an industrial scale. The 
teebniques include the following: 

Radiometric sorting: In this technique the emission of gamma radiation from 
I lie ore is utilized to reject low-grade waste. It is most successful in industrial 
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,,,;,,. ttoe whore then Is a stepwise variation In uran trades, li lias been used 

, ;miv to remove gangue materials prior in the final cm slung and grinding 

operations, rhe open g principle of the radiometric sorter Is to pass successive 

pieces ol rook past a radiation-sensing element which counts the total disintegra- 
tions rale per unit lor each piece. If below a preset figure, an electronic signal 
Ui tuates a mechanism which rejects the piece. The system is limited to use with 
Coarse-sized rock from 2.5 to 30 cm. Only one mine, located in the United States 
..I America, continues to upgrade uranium ores by radiometric sorting. Photo 
imh ic and conductometric sorting of uranium ores is in the early development 
Stage. Harris and Steele (1960 [36]) have described an application in detail. 

Gravity concentration: A gravity concentration flowsheet using Reiehert 
Cones, spirals and tables is used by the Palabora Mining Co. [28] to produce a 
concentrate of heavy minerals. Magnetic separation is also included in the 
flowsheet to reject magnetite and flotation to scavenge copper. The final uranium- 
bearing concentrate is primarily a combination of magnetite and uranium minerals. 

Heavy-media separation: Heavy-media cyclones have been used in South 
Africa to treat the conglomerate gold-uranium ores. At the Vaal Reefs Gold 
mine a heavy-media cyclone system was used to produce a low-uraninm overflow 
that was bypassed directly to the gold-leaching operations. The uranium- bearing 
underflow was fed to the acid-leaching circuit. A combination of heavy media 
With flotation was used to produce davidite concentrates at the Radium Hill 
operations in South Australia 127]. In this operation an ore containing about 
o \% U 3 B was concentrated to \% U 3 O s with an S6.4% recovery. The ore could 
not have been treated without this prior concentration step because the davidite 
mineralization required severe processing procedures that would not have been 
1 1 onomic on the total ore. 

{''location: Many research organizations have investigated the froth flotation 
. .1 uranium ores, but a relatively small amount of the work has been reported 
because it has seldom been possible to produce a discardable tail. Flotation, 
however, has been successfully applied in a number of operations where partial 

re n tration or separation of the uranium values was desirable. Some applications 

of flotation are listed below: 

Concentration of uranium, gold, and pyrite from the Witwatersrand ores In 
South Africa; 

Separation of copper concentrates from vein, limestone, and sandstone ores 
in both Canada and the United States (Beaverlodge, Saskatchewan), (Moab 
ami Mexican Hat, Utah). The primary objective of the US practice was lo 
produce copper uranium concentrates for separate, treatment This procedure 
reduced both tailings losses and process Interferences in the main plant circuits. 
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Production of low-lime concentrates For acid leaching al the Beaverlodge 
operations Ln Canada, Considerable experimental work on the separation of 

carbonates from LIS sandstone ores has also been conducted, but no commer- 
cial circuits have been installed. Apparently the uranium losses to the 
carbonate product have been unacceptable, and separate treatment circuits 
for this product have not been considered economic. 

Magnetic separation: Magnetic separation has been included in a few flow- 
sheets such as the Palabora mill and the Porter Brothers operation in Idaho. High- 
intensity wet magnetic separation is being investigated in South Africa, but no 
industrial applications are known. 

Sizing separations: Upgrading operations based primarily on sizing have 
been conducted on sandstone ores in the USA. A primary objective of these 
applications was to reduce haulage costs from distant mining locations. When 
most US sandstone ores are ground to about minus 28 mesh, nearly 80% of the 
uranium is found in the minus 200-mesh fraction, which constitutes about 20% 
of the total ore weight. If the plus 200-mesh fraction is leached, and the uranium 
is then precipitated and combined with the minus 200-mesh fraction, overall 
recoveries in the middle 90% range are possible. This type of procedure was used 
by the Union Carbide Corp. in its Rifle Complex which included operation at 
Rifle, Colo,, Slick Rock, Colo., and Green River, Utah. 

The foregoing examples are not a comprehensive listing of physical benefici- 
ation applications, but are intended to illustrate the types of operation that have 
been used. Experience has shown that the physical bene fie iation potential for 
each uranium deposit may be specific, and must be individually evaluated. Good 
metallurgical mineralogy is a key to assessing this individual potential. 

4.1.2. Leaching 

The leaching characteristics of an ore are determined by the mineralogical 
composition, but broad generalization only is possible, and experimental studies 
are required to determine the most applicable leaching conditions. 

The general chemistry of uranium leaching and the methodology for experi- 
mental studies have been covered in Section 3. ln the following paragraphs 
emphasis is placed on the type of equipment that has been used for uranium 
leaching operations and on the circuit arrangements and techniques that have been 
employed. 

(a) Leaching techniques and equipment 

Nearly every type of agitation leaching equipment has been used in uranium 
leaching circuits. In the early mills, the choice often was based primarily upon the 
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pusi experience ol Ihe operailnu company More recently, design i riierln have tilso 

Included experimental evaluations ol the Bigltal efiulrements \ n ties ol 

general comments on the various types ol In planl leaching equipment Is presented 
in ihe following paragraphs: 

Mechanical agitation: Mechanical agitation with propel in oi turbine type 
igltators Is probably the most widely used mixing technique. In recent years, the 

adoption of large, high displacement, axial How propellers has signifii antly red i 

the horsepower requirements for many operations. The abrasion characteristics 
of a given ore pulp are determined by shape of the ore particles and Hie mlnerah> 

gicul e posilion. for example, quart/, particles larger Mian about 35 mesh can 

be very abrasive, but if significant amounts of clay minerals are present the effect 
■ .in be sharply diminished. 

Pachuca leaching: Paehuca leaching units have been used successfully in 
Bi nl leach operations in South Africa, Canada and other countries. This type of 
leaching unit has also been favoured lor alkaline-leaching Operations in Ihe USA. 
The mixing action in a pachuca is relatively gentle, and if a scrubbing action is 
desirable during leaching, mechanical agitation may be preferable. A mild 
K rubbing or attritionfng can increase the leaching rale for sandstone-type ores. 

Autoclave leaviiing: Autoclave leaching has been used in many alkaline 
|l a, [ting operations* Autoclave units permit higher operating temperatures which 
llgniflcantly increase the leaching rates. Because (he operating pressures for most 
alkaline leach autoclaves are usually less than 6.9 X 10 s Pa 1 . feed-slurry pumping 
li.r. not been a major problem; however, Ihe abrasion characteristics of the pulp 

|| Id be considered carefully when the pressure let-down system is being designed. 

Autoclave systems for acidic leaching are reported to be in operation in ihe USSK, 
|)Ul have not been applied elsewhere. The use of autoclaves for acidic leaching is 
receiving further study and Ihe technique may find application for some of (he 
i nme refractory raw materials. 

Other techniques: Rotary drum mixers have been used in a uumbci oi 
Operations, Most of the units were initially installed prior to the development Ol 
mechanical agitators suitable for relatively GOarse slurries. Rotary drum uuils air 
also used in Ihe Strong acid cure leach at Ihe Arlit mill in Niger, these units are 
lined to blend Ihe ground ore with eouceulraled sulphuric acid and a small amount 

oi water, 

Pen OlatiOH leaching in Concrete or wooden vats was used in a number of 

US urantum-vanad operations, ihe ralcine from Ihe sail roasting slep was firsl 

I .ii hed by percolation with water for vanadium recovery ami then contacted with 
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an acidic solution to extract the uranium. The Western Nuclear Corp. operated 
an acid cure and percolation leach at the Spook mill in Wyoming (Mash hi r, 
1 974 [39 j). The unconsolidated sandstone ore was crushed to about minus 10 mm, 
blended with concentrated sulphuric acid and a small amount of water to form 
pellets approximately 25 mm in diameter. These pellets were bedded into the 
percolation leach vats, and after curing for 24 hours, were leached with water by 
i'il her down How or uptlow percolation. 

Materials nf construction: Acid-leaching operations have been conducted in 
rubber-lined steel tanks, wooden tanks, and fiberglass-reinforced plastic tanks. 
A' Id brick linings have been widely used in many operations where abrasion was a 
problem, Most of the alkaline leaching operations have used mild steel const ru c- 
ii"ii, lull slain less steel has been required to prevent corrosion in some autoclave 

operations. 

Rubber-lined agitators have been used for most mechanical mixing units, but 

Hi' lleHlg |u j cements have varied considerably, ln-pkmt development studies 

alli't '.tin I up have often been needed to determine the best type of rubber. 

I ■■ii,i in hi !i ■iiching arrangements 

A variety Of circuit arrangements have been used for leaching uranium ores, 
bill moil are applications or combinations of the systems shown in Figs 1 1 and 12. 
Figure I I Illustrates the "series circuit" that is used in a high percentage of both 
the acidic and alkaline leach circuits. The ground ore slurry is fed to the circuit, 
and the material passes through a series of tanks without any recirculation. 
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Circuits have contained from three to as many as 1 2 tanks in the series. The 
leaching reagents may all be added to the initial tanks or may be proportioned 
throughout the series. Figure 12 illustrates a "two-stage eountercurrent circuit' . 
This arrangement provides for leaching of difficult ores at relatively high acid 
concentrations in Stage 2 and for neutralization of the excess acid in the recir- 
culating solution by mixing with fresh ore in Stage 1 . The circuit is particularly 
desirable when the uranium mineral requires a high acid concentration in the leach 
but the pregnant solution (hat would be obtained from a series circuit is too acidic 
for the subsequent concentration-purification step, particularly where IX is used. 

Under these conditions the "two-stage circuit" can reduce both the acid 
requirement for the leach and the quantity of lime or ammonia needed for post- 
leach neutralization of (he pregnant liquor. The two-stage circuit works best if 
dry grinding is used, lull wel grinding can also he used if a dewatering stage is 
added between the grinding and leaching s(eps. 
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4.1,3. Solids-liquid separation 






(hi Filters 



The primary objective of the solids-liquid separation operation in uranium 
mills is to recover the pregnant liquor from the leach slurry and to wash the soluble 
values from the residue. The washing efficiency is particularly important because 
any losses at this point in the circuit will have a major economic impact. In most 
operations more than 75% of the total operating costs are associated with mining 
the ore and bringing the uranium into solution. 

The solids-liquid separation characteristics of uranium ores vary considerably. 
Mi nera logical evaluations can give significant clues to the separation characteristics, 
but specific predictions are not possible, and metallurgical test work is mandatory. 
The variability in solids-liquid separation characteristics between materials from 
different parts of the same mine should also be investigated. 

Nearly all types of conventional liy drome tallurgical solids-liquid separation 
equipment have been used in uranium mills. Brief descriptions of the most 
common applications are presented in the following paragraphs. 



fhe favourable nitration eharaotertstii ■ ol in.nr.' .1. Idh li u h pulpi in 
South Africa, Canada and Franca have permitted the use ol two 01 three stage 
drum filtration washing circuits, 'these washing circuits are much more compact 
than thickener washing operations, Drum filters commonly have bean used, but 
currently horizontal belt-type units arc Increasingly being adopted, 

Three-stage drum filtration circuits have been used in inusl of the alkaline 
leach operations in the USA. fillers rather than thickeners were chosen because 
lliey offered the best method of achieving the required temperature and solution 
composition controls. In most alkaline leaching operations, however, the filtration 
operations have been both difficult and costly. A significant pari of lhe difficulties 
has been related to ore variability. 

Mosl filtration operations have required the use of flocculantSj and lhe reageri 
consumption of flocculants often has been greater than I ha I which would be 
required for equivalent washing in a thickener circuit, 

The choice between nitration and thickener circuits is often nol elear-eul 
and the decision requires careful evaluation of all variables. 



(a) Thickeners 

Countercurrent decantation (CCD) washing circuits using thickneners have 
been favoured in the USA and Australia. The development of effective flocculants 
such as the guar gums and the polyacrylainide reagents during the late 1950s was 
a key to the successful application of these circuits. 

The washing efficiency of a CCD thickener circuit is a function of the number 
of stages, the amount of wash water introduced, and the per cent solids in the 
thickener underflows (the wash to underflow liquor ratio). Nearly all CCD circuits 
have been designed to achieve washing efficiencies of 98% or greater, but a variety 
of operational techniques and equipment arrangements has been used. For 
example, some operations have used four-stage CCD circuits with wash- water flows 
of about three litres of water per kilogram of ore passing through the circuit. 
Other mills have been designed with seven or eight washing stages; these circuits 
achieved the 98% washing efficiencies with only about one litre of water per 
kilogram of ore washed. Operational problems may be greater with the seven or 
eight stage circuits, but much higher grade pregnant liquors are produced and the 
reduction of liquor volume economizes water usage and reduces the size of the 
subsequent extraction equipment. 

The underflow densities in any CCD circuit must be carefully controlled to 
achieve consistent washing efficiencies. Radiometric density controls and variable 
speed pumps have been used successfully in many mills. 



(<■} Classification 

Various types of classifier circuit have been used as washing systems 111 
uranium operations. Most of these circuits have been used in conjunction with 
resin-in-pulp (RIP) ion-exchange operations. The classifiers produce a slime slurry 
from the leach pulp stream and wash the soluble uranium values from the sand 
fraction. Cyclone units, spiral classifiers, and combinations of the two have been 
Used. Normally six or more stages of classification and washing have been required 
Hie slimes stream contains 98% or more of the soluble uranium values, and I his 
si ream becomes the feed for the RIP system. In mosl instances the classification 
separation is made at about 4.0 jum (325 mesh). 

Classifiers have also been used in conjunction with C('\) thickener circuits; 
dh' classifiers wash the sand fraction and the slimes fraction is washed in the 
thickeners. 

Clarification or polishing of the pregnant liquors is necessary before the 
solutions go to solvent extraction or fixed-bed (downflow) ton-exchange column I 
Very small amounts of solids can cause serious emulsion problems dm inc. solveni 
extraction separations and can also collect on top of the resin bed and reduce the 
flow-rale through the fixed-bed lon-excl ge columns, A wide variety ol' filters 

have been used foi the polishing step these include gravity sand filters, pressure 

Sand tillers, various types of leaf filter, and precoated 1 "ill his vac I i 

fillers. I wen wilh careful laboratory test work, || often has I "■'■li difficult I" 
develop good specifli ai s foi the clnrlfli nl [ulpment, Most mills have used 
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various types of sand filter. Precoal drum filters arc generally expensive but offer 
more flexibility. Mill managers and operators often comment on the difficulties 
and costs associated with these operations. 

4. 1 .4. Concentration /purification operations 

The development of resin ion-exchange (IX) and solvent-extraction (SX) 
techniques for separating uranium from leach liquors has been one of the major 
contributions of the uranium industry to hydrometallurgical technology. The 
uranium industry was the first to make extensive use of these procedures. Until 
the Installation of the first uranium IX plants in the early 1950s and the construc- 
tion of the initial SX circuits in about 1 957, uranium separations had been based 
either on roasting and fusion reactions or on chemical precipitations. The introduc- 
tion of IX technology both reduced operating costs and resulted in better product 
purity. 

As discussed in Section 3, the recovery of uranium from acidic solutions by 
either IX or SX is based on the selective absorption of the U0 2 (S0 4 )1 1 4 anion. This 
uranyl sulphate ion is subsequently cluted or stripped from the loaded organic 
reagent by contacting with suitable concentrations of CfNOjOr other anions. 
Several systems have been developed to bring the pregnant leach solutions into 
contact with the exchange media. The following paragraphs discuss the 
development and application of these systems. 

(a) Ion-exchange systems 

The first IX systems used in the uranium industry were fixed- ted column 
units that were based on technology originally developed for water softening. 
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in these systems the reed solution flows downwards through i pat I ■ d oi \< ■ d 
bed" oi urn exchange resin ["he I'lrsl units were Installed In the early 1 950s; and 

a number of ihcso systems are still In operal , Several modifications of the 

"fixed-bed" system and a variety of operating procedures have been developed. 
A number of continuous or semi»continuoUs countercurrenl ion-exchange 

(('IX J contactors have also been developed, and are being increasingly adopted 

commercially. 

Fixed-bed ion exchange: A simplified diagram for a conventional 3-eolumn 
fixed-bed ion-exchange system is shown in Fig. 13. Approximate uranium con- 
centrations that are typical for solutions and resin in many operations are also 
indicated. The column operation is based upon chromatographic principles. 
When the pregnant liquor passes through the column, the resin at the top absorbs 
Uranium and becomes "saturated" or fully loaded first. The liquor is gradually 
depleted in uranium so that the solution leaving I lie column is "barren" and 
contains essentially no uranium. As the solution How to the column is continued, 
a point is reached where uranium begins to appear in the stream leaving column 1. 
This condition is termed "breakthrough" and normally is considered to be Hie 
point at which the uranium concentration in Hi is stream is about 2% of the con- 
centration in the feed liquor. 

The flow through column 1 is continued until the resin in the column is 
fully loaded. The system must be designed so that this condition is achieved 
before "breakthrough" occurs from column 2. Column 1 is then taken offline 
I'orelution, and the freshly eltited column 3 is brought in as the trailing column. 
Four column systems have also been used in many mills. The fourth column is 
needed for some feed liquors because breakthrough from column 2 occurs before 
column I is fully loaded. 

The resin in the conventional fixed-column system does not move and 
remains in the same column unit. A modification of the conventional column 
system has been developed in which the loaded resin is 1'luidi/ed and transferred 
to a separate elution system. This technique permits more efficient utilization of 
column space and also makes the resin accessible for regeneration or otln i 
special treatments. This type of system sometimes has been designated as a 
"resin-transfer" unit. 

Fixed-bed systems have been operated successfully in many mills, ami the 
design criteria for the system is well established. "Hie capital costs, however, are 
appreciable, because complex automatic valve systems are required and the 
Columns are relatively large pressure vessels. 

A significant investment in resin inventory is also needed. To maintain 
adequate solution flow through the columns at reasonable operating pressures, 
nearly completely clarified feed solutions are necessary. These requirements arid 
othei operating problems have led to the development of CI X systems i apable ol 
handling unclarlfled solutions ami dilute slurries. 
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Continuous ion exchange (CIX): An approach to true countercurrent flow 
of resin and solution is achieved by several recent designs of equipment in which 
pregnant solution flows upwards through a vertical column divided into a number 
of compartments each holding a resin charge. The resin is fluidized by the upward 
flow of solution to achieve good contact for absorption of the uranium from 
solution and loading of the resin. Periodically the flow is interrupted or diverted 
to move the resin charge in each compartment downwards to the one below it. 
The net effect is that pregnant solution enters the bottom of the column and 
leaves the top as barren solution while freshly eluted resin enters at the top of the 
column and becomes loaded with uranium before discharge from the bottom. 
Elution of the loaded resin takes place in separate columns. CIX columns generally 
require less resin and can be operated with unclarificd feed solutions containing 
entrained solids. Further description of the equipment is given in Section 4.3. 5 
which deals with the latest development in this field. 

Resin-in-pulp (RIP) systems: Resin-in-pulp systems are designed to treat 
slime pulps, i.e. slurry mixtures of fine solids and pregnant solutions. The original 
designs, used in the USA, consisted of a number of baskets containing resin 
charges, suspended and moved cyclically up and down in long rectangular tanks or 






banks through whioluhe illme pul pi m passed In lerles rhase banks were 

operated In much the urns manner bi th« Hxed bed ts in that, as the resin In 

each lead bank becomes loaded Willi uranium, litis kink is eul off from (lie slurry 
How and eluted while freshly eluted resin banks are added on at the trailing end of 
the circuit. 

A second type of RIP system, known as the screen-mix technique, achieves 
1 1 ml humus (lows of resin and pulp (see Fig. 14). In this design, resin and slurry 
move in opposite directions through a series of agitated tanks (or stages). The 
resin or slurry discharged from each tank is mechanically separated, the slurry 
moving to a trailing tank and the resin to a preceding tank. The result is a conti- 
nuous countercurrent flow of pulp and resin through the tank series to achieve 
resin loading and removal of uranium from the solution. A second series of tanks 
accomplishes elution with a similar countercurrent flow. 

The resin and slime slurry contact in the air agitated mixing tank which has a 
retention time of about 20 min. The mixture of resin and slime slurry overflows 
and is air-lifted to a 65-mesh screen that separates the resin from the slime slurry. 
The separated slime slurry flows to the next unit on the right. The resin stream is 
split; part goes to the next unit on the left and the remainder recirculates to the 
mixing unit. This resin recirculation permits adjustment of the resin-slurry ratio 
in the mixing tank to give optimum resin retention times. All splitters operate on 
the same time cycle to ensure uniform movement of resin through the circuit this 
configuration has been operating for over 1 5 years. 

Similar equipment arrangements have also been used for the elution circuits, 
bu I trie number of stages is normally 1 to 1 2. The larger number of stages permits 
the production of relatively high-grade eluates containing 10 to 12 g U 3 8 /litre. 

A disadvantage, common to all ion-exchange systems that require separate 
devices linked to each stage for the transport of liquid and resin, is the possibility 
Of inventory imbalances developed within the circuit. For example, the resin 
concentration in the pulp in a mixing tank can be maintained at a steady value 
only by the exact matching of the flow-rate of resin progressed to the stage plus 
the flow-rate of resin recycled to that stage and the flow-rate of resin leaving Ik- 
stage, together with a similar balance on the slime flow- rates. The difficulty of 
measuring resin concentrations in a pulp directly precludes the use of control in 
an automatic feedback loop. Manual control demands a measure of both 
experience and vigilance on the part of the operators. 

(h) Solvent extraction systems 

Approximately 50% of the operating uranium plants today use SX as the 
primary means for recovering the uranium from solution. All these plants are acid 
leach operations, am! nearly ail use lerliary amines as the extraction reagent 
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Multiple-stage mixer-settler systems are used as contacting and separation equip- 
ment throughout the industry. As discussed in Section 3, the reaction chemistry 
for amine solvent extraction is similar to that of resin ion exchange. The amine 
reagents are anion exchangers, and the principle uranium exchange ion is the 
b'0 2 (S0 4 )3 anion complex. A generalized flowsheet for an amine extraction 
system is shown in Fig. 15. This flowsheet illustrates the sequence of operations 
together with the approximate uranium concentrations in the major process 
streams. Additional comments on the individual steps of the process will be 
presented in the following paragraphs: 

Extraction: The first SX systems used separate mixers and settlers with 
considerable interstage pumping. Recent designs use integrated units in which 
multiple-stage mixers and settlers are contained within a single, compartmented 
rectangular vessel. The agitators are designed to provide both mixing and inter- 
stage pumping. The organic extractant is normally a mixture containing 4 to 1% 
amine, and 2 to 4% modifier (isodecanol or tridecanol); the balance of the mixture 
is kerosene or some similar petroleum product. The purpose of the modifier is 
to improve phase disengagement. The extraction kinetics are fast, and the required 
residence time in the mixers is normally less than 30 s. The mixing horsepower 
requirements per stage forming are usually in the range between 0.01 to 
0.02 hp/gal (0.02 to 0.04 W/litre) of capacity. To promote better phase disengage- 
ment, most systems are operated with the organic phase continuous, i.e. aqueous 
droplets are dispersed in a continuous organic phase. This condition is achieved 
and maintained by recirculating part of the organic from the settler back to the 
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hum i To ai hleve i ountori urronl flow, the organic and aqueous phase* musl be 

separated after each mixing stop This separation ts prin ly u function of the 

• ross sectional area of the settler, Settler capacities i .hi vary considerably from 
operation to operation, but for organic-continuous operation die settler capacity 
is often in die range between 0.5 i<> I .0 gal/min pel square fool to, 1 K to 
0. 16 lltres/mln per m' ) of settler area. 

Tin- number of countercurreni mixer-settler stages required lorn given 
operation can be determined by a combination of batch extraction experiments 
mill continuous eountercurrent bench-scale experiments. Projections based on 
bench-scale countercurreni experiments have proven reliable. Agitation require 
incuts have also been successfully projected from bench-scale experiments 
(Bellingham l%() |40|). Prediction of settler performance can be more dtffloull 

because stabilized interlace emulsions may or may nol form in the bench-si tale 
units-. If these stabilized emulsions, which are Often designated ;is interlace t ■mil. 
Continue to build up at the interface, it may be necessary to shut down and clean 

out the materia] before the entire system becomes clogged. Variables such assmal 
changes in the feed liquor clarification, fungus formation, and the slow polymefi 
i:.\ I ion of silicates can affect the interface crud formation. Ensuring complete 
clarification or polishing of the feed liquors is probably one of the besl methods 
of minimizing crud formation. 

Stripping: The equipment used for the stripping operations is usually 
Identical in that used for the extraction step. In some instances the sizes of the 
mixers and settlers in the stripping section may differ from lite corresponds if 
equipment in the extraction see lion. For example, ihe required resident e 
lime for the stripping operation may be nearly double Unit of Ihe extraction step, 
unci the mixing horsepower requirement may he tripled. 1 1 is often possible, 
however, to use the same si/.e equipment for both the extraction and stripping 
systems because the Hows in the stripping system are smaller. 

Chloride solutions have been used in many stripping operations, but olhci 
agents such as nitrates, sulphates, carbonates, hydroxides, ami dilute acids can 
also be used. A controlled pli technique employing a I.5M (NM„),S()„ solution 
has been widely used in both South Africa and Ihe USA. In this system the pll Is 
normally held in the range between about 3.5 to 4.2 by the addition of ammonia 
lirlnw this pll range the stripping efficiency decreases, and al hlghei pll levels 
hydrolysis of the uranium is likely. When hydrolysis occurs troublesome emulsion: 
can form. 

Regeneration: The solvent is generally purified before being returned to the 
extraction section. This is particularly important when ihe loach solution contains 
molybdenum, which is strongly extracted and is nol removi d i ffo< lively by 

Ventlonal chloride strip solutions The molybdenum concentration iii Ihe ot|<aiin. 
phase will continue to increase unlit gummy prsi ipitatOB StftTl l' 1 font) at the 
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'" '"" , aqueous interface, rhesa pnolpltMM can ndouily Interfere with tha 

" l " '■ ""' system, I tie molybdwii in ontration is controlled by bleeding 

, ""' 1 "' the Gripped organic through a mguuntlon system, where it is contacted 

will, ., beated 10%Na 4 CO 3 solution. This treatment removes the molybdenum; 
recovery of. the molybdenum from the carbonate solution is also possible. The 
amine is converted to free base in this treatment as that of the anions are also 
removed, 

(c) C \nnhiiiation of IX and SX 

In many plants the combination of IX and SX is used. This plant is termed 
the Eluex process in some countries and the Bufflex process in others. In this 
system the uranium is absorbed from acidic leach solutions by ion-exchange resins 
fee resin is then eluted with a 10% H 2 S0 4 solution with tertiary amine solvent. 
The controlled pl-[ stripping technique is used to remove uranium from the loaded 
organic and produce a pregnant solution for the precipitation of yelloweake. 
The Kluex/Bufflex process can both decrease reagent costs and eliminate the 
introduction of extraneous ions such as chlorides or nitrates. Elimination of the 
extraneous ions permits more recirculation of tailings solutions to the leaching 
circuits, thereby reducing environmental problems. 

(dj Comparison of the IX and SX systems 

Choosing between resin ion exchange and solvent extraction for a given 
uranium milling operation is often a complex decision. Many factors must be 
considered (hat range from ore mineralogy to environmental constraints. Specific 
ixperimental studies and verifications are almost always required, and the final 
decision may be based on rather subtle considerations. An important eon- 
Ideration is related to differences in the flexibility of the two systems. For 
(ample, the continuous ion-exchange systems can handle unclarified leach 
UqUOl and dilute slurries, whereas essentially complete clarification of the feed 

'" ' " l '" irct! for sol vent extraction. This can be particularly important for 

"■ Hull i - -ii lain day-like materials. IX may also be favoured over SX when 
volumes Of leach liquors with low uranium concentrations are to be treated 
■ l n| losses are primarily related to the volume of solution handled 

' ' li; " :irds associated with solvent ex traction circuits should also be 

Id n \ 

1 W MJIH Operations, the SX system may be preferred because it can treat 

1 '" ■'' solutions with lower P H values than can be accommodated by IX and 

Wj» WJ1 Significantly increase the flexibility of the leaching circuit operations. 
AltoS X Ifi generally more selective than IX and, therefore, high yelloweake 
Purities are often easier to achieve. 
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FIG. 1 6. Continuous two-stage yelloweake precipitation circuit. 



A variety of experimental studies and economic evaluations are required 
for optimum decisions, and extrapolations from other operations may be mis- 
leading. Both IX and SX should be considered for new operations or expansions. 

Two recent studies have appeared on this topic. Wcntzler and Neil (1978 [41 ]) 
compared CIX-Eluex with SX and concluded that there is economic incentive for 
considering the CIX-Eluex tor any new operation. Brown and Hayden (1978 [42]) 
concluded that, for concentrations greater than 0.9 g U 3 O s /litre,SX is favoured and 
below 0.35 g/litre, IX is favoured. 

4. 1 .5. Precipitation and final product preparation 

Even the yelloweake precipitation step can be affected indirectly by the ore 
mineralogy because impurities dissolved from the ore that have passed through 
the subsequent steps may require separation during the final processing operations. 
These impurities may be elements such as molybdenum, vanadium, and iron, 
contained in the ore, or components such as Na + ions introduced with the eluting 
Or stripping solutions. Over the years, specifications for yelloweake concentrates 
hive gradually become more restrictive; and many mills have found it necessary 
to modify I heir product precipitation procedures. In most instances single-stage 
or hatch operations have been replaced with multiple-stage precipitation circuits. 
Figure l(> shows a general schematic flowsheet Tor a continuous two-stage pre- 
cipitation circuit that uses lime for the first-Stage precipitation and ammonia for 

the final operation. Hie first-stage precipitation can remove iron, aluminium, 
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titanium, thorium, and also significantly reduce the sulphate contenl to tits 
liquor. Normally, two or three tanks in series are used for this precipitation, 
A variety of equipment arrangements can be used for the initial solids liquid 
separation step, but continuous vacuum filters or a thickener-filter combination 
often are chosen. A small amount of the uranium is carried with the filter cake 
which is recirculated to leaching circuit. 

Ammonia is used for the second-stage precipitation and the yellowcake 
product is generally ammonium diuranate (ADU). The chemistry of uranium 
precipitation has been discussed in Section 3. ADU precipitation is also generally 
done in several tanks in series. The precipitate is usually thickened and then 
filtered. Continuous vacuum filters, pressure filters and centrifuges have been 
used for this final separation. Almost every mill has developed special procedures 
for the precipitation step; if these procedures are not carefully followed, pre- 
cipitates can be produced that are slimy and very difficult to filter. 

A variety of other precipitation procedures have been used, including: 

Single-stage precipitation with ammonia 

Single-stage precipitation with MgO 

Single-stage precipitation with NaOtI 

Two-stage ammonia precipitation with re dissolution between stages 

Two-stage precipitation with MgO and ammonia 

Precipitation with U 2 2 , 

The precipitation with I \ 2 2 is carried out by adjusting the solution pH to 
about 3.5 and then adding the hydrogen peroxide. This procedure is generally 
more costly than other techniques, but products with grades of 98% U 3 B or 
greater have been produced. The procedure is a good method for producing 
yellowcake with very low molybdenum and vanadium contents. 

Alkaline leaching circuits and some carbonate stripping operations produce 
liquors in which the uranium is present as stable anionic carbonate complexes. 
The uranium is precipitated from these alkaline leach liquors as sodium diuranate 
or polyuranates by adding sodium hydroxide (caustic) to the pregnant leach 
liquor. The sodium content of the product is high but can be reduced by washing 
the cake with an ammonium sulphate solution or by redissolving the cake and 
making a second precipitation with ammonia. The carbonate strip liquors usually 
are precipitated by acidifying to destroy the carbonate and then adding ammonia 
to precipitate an ammonium diuranate yellowcake. 

The yellowcake products are usually dried at 400 to 500°C. The drying 
temperatures must be controlled because temperatures above 600°C can produce 
refractory compounds that will not dissolve in subsequent refining and conversion 
steps necessary for the production of UF 4 . Yellowcake products dried at low 
temperatures tend to be relatively light and fluffy. Considerably more packing 
and shipping space is required for this type of material A wide variety of equip- 
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iiinit hiai bi'fu used foi drying unci i ul< Inlng Lite yelloweak Hie v.a i types 

Include: multiple In • Iryom single hearth dryers, dn ype units, Holo 

Nib- screw type dryers, and radumi heated bell dryers The multiple hearth 

furnace Is probably the mosl common type of drying and oali InLnjj u seel in die 

industry, 

4.2. Environmental aspects of uranium ore processing 

4.2.1. Regulatory controls 

In all the countries that are involved in the processing of uranium oic;, 
the operations are subject to regulatory controls. In the United Stales of America, 
B license is required to process uranium ores and the applicant must demonstrate 
an ability to comply with all State and Federal regulations, of which the principal 
one is Title 10, Part 20, of the Code of Federal Regulations, "Standards for 
Protection Against Radiation". The regulations specify radiation exposure limits 
in the milling facility and the maximum permissible levels of radioactivity in the 
process wastes and dusts. 

Radiation protection standards in Canada are the responsibility of I lie Atomic 
Energy Control Board (AECB). 

4.2.2, Radioactivity 

The basic unit of measurement of radiation activity is the Bequerel (Bq), 
whicli is defined as equal to 1 dis/s. Bach tonne of ore entering a uranium mill 
has a radioactivity of about 1.85 X 10 s Bq. This is comprised of " 8 U plus 
14 radioactive decay isotopes, of which four( 234 U, aw Th, m Ra and 2l "l'b) are 
Sufficiently long-lived to contribute to the radioactivity of tailings. 

Three measurements for adsorption of ionizing radiation are thu roentgen, 
the rad, and Joules/gram (J/g). The roentgen is a unit of gamma-ray exposure, 
whereas a rad (radiation absorption dose) is the radiation energy absorbed, Foi 
example, by the human body. Radiation exposure for control purposes is 
measured in J/g (roentgen equivalent man), which, for practical applications, is 
Usually equal to the dose of radiation received by the human body. Conversion 
from tads, or roentgens, to J/g depends upon the type of radiation (alpha, r.amnia) 

I ' '■ Airborne wastes 

Adequate ventilation anil dusl suppression arc required I'm control Ol 

,n borne radioactivity. The mill environment is monitored foi concentrations oi 
radioactivity and personnel-type monitoring devices, such as film badges, ari 
i, i sd where workers may be exposed to continuous radical tlvu dosagi 
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Conventional dust collection equipment is usually suitable for reducing radio- 
active dusts. However, special attention is needed in the yellowcake drying, 
handling and packaging areas. Various gases and vapours evolved during treatment 
of some ores may be hazardous and require the installation of additional 
ventilation. Acid vapours, ammonia, sulphur dioxide and other gases may be 
injurious to health and require attention. 

4.2.4. Liquid wastes 

An objective for new milling facilities is total containment of all the liquid 
wastes. While this is only possible where high evaporation rates prevail, the 
practice of recycling solution from the tailings-area decant pond to the process 
reduces the amount of new water required; the amount which can be recycled 
is limited by its effect on the process metallurgy. 

One to five tonnes of waste solution are generated for each tonne of ore 
processed. The amount which cannot be returned to the process is evaporated, or 
where this is not entirely possible, the excess liquids are released to surface 
watercourses after suitable treatment to reduce radioactive nuclides and other 
contaminating elements to the desired levels. 

A variety of chemicals eventually go to the tailings disposal area; these may 
include sulphuric acid, sulphates, carbonates, chlorides, nitrates, ammonia, lime, 
cyanides, poly aery lamide flocculants, fuel oils, and other organics such as amine 
solvents, kerosene, and alcohols. 

In alkaline leaching, the barren liquid is recovered and reused. The leaching 
residues are washed and the final wash solution, transported to the tailings pond 
with the solids, may be contaminated by radioactive nuclides and chemicals. 
Experience has shown about 1-3% of the radium but virtually no thorium dis- 
solves in alkaline leach circuits. Much of the dissolved radium, however, is pre- 
cipitated with the yellowcake. 

In acid leaching, less than 1% of the radium but about 50% of the thorium 
present in the ore feed become solubitized and report in the solutions sent to 
waste disposal. The main process for treatment of acidic mill effluents is neutral- 
ization with limestone and/or lime to: neutralize H 2 S0 4 ; precipitate sulphate 
and heavy metals; and remove some radionuclides. 

Further decontamination of the neutralized effluents, usually decant liquor 
from the tailings pond, is by barium chloride treatment. Radium-226 can be 
co-precipitated with barium sulphate by addition of BaCl 2 to clarified liquor in 
the presence of excess sulphates at pH 8-9. Sufficient settling-pond area must be 
available for accumulation of the insoluble precipitate; up to 60 days is provided 
for this purpose. The addition of flocculants is beneficial in obtaining the desired 
levels of total radium. 
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Alkaline HlliU'iil'. niav ftl 10 I"' pilNllilly deronliimmalnl Ol I L i . ' 1mm 

content by barii ihloride treatment 

in Ci la, an Ontario guideline limits the ammonia contenl to i ppm in 

any effluent discharged to a watercourse. Agnew Lake Mines Ltd, use ammonia In 
the solvent extraction and precipitation circuits and, in order to meet the require 

meat, have Incorporated a lime-boil stage for treatment Of the hired si ream. The 

i nonium sulphate solution formed is reacted, ai temperature, with mllk-of-Ume 

to release ammonia and precipitate gypsum. The ammonia Is steam*stripped from 
the resulting slurry in a counter-current series of agitated vessels and condensed 
as aqua ammonia. The capital and operating costs of such a system do not Justify 
ils use on the basis of uranium recovery alone. 

ai some locations seepage of solutions from tailings ponds Into the ground 
D .'Mini is for 80% or more of the water loss. For new disposal areas, the regulations 
n quire that the urea overlying permeable strata must be sealed to preveni rapid 
Seepage. Although contaminants are usually removed from percolating solutions 
by natural ion exchange, adsorption, and chemical precipitation processes which 
OCOUr iii the earth, regulations require that monitor wells he located in the vicinity 
of the tailings disposal areas. 

Evaporation is practised in the western USA to control liquid wash- disposal. 
from 0.6 to 1.7 ha of pond surface arc required to evaporate one tonne of wain 
per hour, depending upon the local conditions. 

I ' S Solid wastes 

fhr leach residues must be deposited in a suitable waste re I en I inn system 
Which does not present a hazard. !n certain instances I he discharge of tailings 
l'.' I" i n made into isolated lakes or In underground mines as backfill. The most 
lignlficanl problem in uranium-mill sol id- waste handling, which differs from other 

processing operations, is the need to control the release of radioactive materials 

from the tailing impoundment area, A high degree of safety is required againsl 
lental release of solids and control of seepage into the underlying strata, 

I he mill tailings contain a limit 70% of the total radioactive constituents 

"ally present in the <>iv. With time, radon and its daughters begftl to form in 

till i tilings from its ""Ra parent. 

tin an operational mill, tailings deposited in a properly located, engineered 

md m.iu.ired waste retention system do not present a significant hazard. However, 
hi' i I In- mill lias been decommissioned, some problems may resull: 

The slimes portion, containing Hie mujorily ol I he radioactivity, may remain 

fluid and could, by hydrostatic pressure mi an embankment, cause a failure, 
especially If weakened by erosion and seepage; 

i ou mi wind blown Fines! 
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Percolation «l' waters eausiit)', cniitaminalion of the sulvslrala by radio 
nuclides; and 

Continued generation of acid from any sulphides. 

Revcgetation of a tailings pond has been found to be a suitable means to 
stabilize the surface, but often this has been difficult and costly to initiate and 
sustain. Other methods of surface stabilization include spraying with petroleum 
products to form wind-resistant crusts. 

4.3. Energy requirements and processing costs 

Because of wide variations in the mineral composition of uranium ores 
generalized predictions are difficult and each situation must be evaluated 
separately. The information presented in the following paragraphs does not apply 
to any specific operation but is intended to give a general feel for the energy and 
cost distributions that may be encountered in uranium ore processing. 

4.3.1. Energyrequirements 

Energy requirements for the processing of uranium ores are becoming 
increasingly important. Not only are the thermal and electrical energy require- 
ments significant, but the cost of reagents and supplies is directly affected by the 
energy required to produce these materials. Comparison of the total net 
electrical, thermal, and chemical energy requirements can be useful in comparing 
alternative techniques. 

Estimates of energy requirements for several different uranium ore pro- 
cessing circuits were made during a study sponsored by the US Department of 
Interior, Bureau of Mines, at the Battelle Columbus Laboratories (1975 [43]). 
Data from the Energy Use Patterns report were used here to develop a comparison 
of the energy requirements for the acid leach and alkaline leach flowsheets shown 
previously in Figs 9 and 10. Calculations for the comparison were based on a feed 
ore grade of approximately 0.2% U 3 O e , and the overall recovery was assumed 
to be 95%. The H 2 S0 4 consumption for the acid leaching operation was assumed 
to be 25 kg/t ore processed. 

Most of the energy consumption data in the Energy Use Patterns report was 
used directly except for the yellowcake drying requirements, which appeared to be 
high. The thermal requirements for this operation were reduced to conform with 
data obtained from the US Department of Energy. 

The Energy Use Patterns report expresses energy requirements in terms of 
Btu/ton U a O s in the product. Both electrical and direct fuel requirements are 
expressed in this form, and Btu values were also assigned to major reagents and 
supplies such as grinding media. Table IV lists these energy values. The Btu value 
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TAB! I IV. NET ENERGY I ONTENTOF 
THERMA1 ,1 LECTRICAL, AND 
CHEMICAL ENERGY SOURCES 



Energy source 


Unit 


limit!!, 
X 10'' 


Electricity 


IkW-ii) 


(3.6) 




J 


1.0 


N;il ii.i gas 


(ft 3 ) 


(1.055) 




m 3 


37.25 


HiSOfl 


t 


9fi5 


N;iOU 


1. 


34,887 


NH 3 


kg 


>-)J 


C&0 


t 


9HM 


Nancy, 


l 


67158 


Oil :iml i.;iv;i-;r 


litre 


41. 8 


Kerosene 


litre 


37.6 


Grinding media 


kg 


8.4 



Indicated for each chemical or supply is the amount of energy required to produce 
thai product from natural raw materials in the ground. These values were used to 
'I' i Ine the overall energy consumption. 

The calculated total net energy input required to produce 2000 lb U 3 0b by 
Olther acid or alkaline processing is shown in 'fable V. 'the comparative energy 
distribution for the various unit operations is also indicated. 

The energy requirement per unit of uranium product for the alkaline circuit 
is nearly double that required for the acidic circuit. The relative energy required 
by I In- various operations, however, is similar. In both processes, nearly 80% m 

- nl the energy used is associated with operations directly related to the 

quantity of ore being processed (see Fig.4). The largest single energy input is 

i'-q sd Fttl tile leaching step. Even though the reagent addition to the anil 

|0U< b circuit was sel al only 25 kg 1 1 3 S0 4 /I: ore and healing of the acid leach pulp 
wx. assumed, over 55% ol" the leaching energy requirements was associated with 

the at id addition The total energy Inpul is, therefore, quite sensitive to the 

Held cons ption requirements of ore Nearly 75% of the energy inpul to the 

alkaline leaching step Is associated with the i tossing heat requirement In both 

i Hi uiiu, however, the actual energy < ontenl ol iin- lea< Iting > hemleaii li simllat 
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TAB! E V ENERUY Kl (Jl JIKI Ml N I S AND DISIKIItUIION FOR URANIUM 
QRE PROCESS 







I'ype ol 


circuit 


Item 










Acid leaching 




Alkaline leaching 


Nel energy requirement 








(J/1000kgU 3 O 3 X10 3 ) 


350 to 450 




700 to 800 


1'er cent energy distribution 








(by unit operations) 








Crushing and grinding 


26 




31 


Leaching 


38 




4:2 


Solid-liquid separation 


10 




5 


Uranium extraction (SX or IX) 


11 






Stripping, precipitation, and drying 


15 




22 




100 




100 



TABLE VI. DISTRIBUTION OF THERMAL, ELECTRIC AND CHEMICAL 
ENERGY REQUIREMENTS 



Type Of energy 


Per cent distribution of energy: 


Add leaching 

,„ v lv . Alkaline leaching 

18a or 1a) 


1 dermal energy (process heat) 

Electrical energy 

Chemical energy (reagents, etc.) 


32 43 

30 29 

38 28 

100 100 



In general, energy relationships outlined above do apply to a significant 
number of US sandstone and limestone ores, but reagent requirements can vary 
considerably for other ores. A determination of the leaching reagent requirements 
for each new ore source must be made before realistic total energy needs can be 
estimated. 

Table VI shows a distribution of the overall thermal, electrical, and chemical 
requirements for the acid and alkaline processes. 
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In general the thermal energy req urwnti uri greatei foi alkaline lean I ■ 

bin the chemical Bnergy needs foi a< Id i ■ wins are the highest. The difference 

would be even larger for operations where acid additions of greater Hum 25 kg/t 

ore are used. 

In some instances energy requirement estimations can be a more useful tool 
for process comparisons than cost estimates because costs can vary considerably 
in different parts of the world. An energy balance can also be used to predict 
the effect of future energy cost changes. 

4.3.2. Capital and operating costs 

Capital and operating cost data are specific to the location of the uranium 
ore processing plant because of major cost variations in different parts of the world, 
( apital costs related to the individual unit operations can generally be used more 
widely than operating costs because methods for allocating the indirect and fixed 
portions of operational costs to the individual unit operations can vary greatly 
in different organizations. Even when actual data from different operations are 
available, operating cost comparisons can be confusing unless the procedures used 
for allocating the indirect costs are known. Merritt (1 971 [44]) lists the following 
items as direct and indirect operating costs, but these generalized divisions vary 
from company to company: 

Direct operating costs: 

Operating labour 

Maintenance labour 

Operating supplies (grinding media, chemicals, lubricants, etc.) 

Maintenance supplies 

Utilities (power, fuel, water). 

Indirect operating costs 

Overhead labour (management, supervision, clerical, laboratories, accounting, 

warehousing, watchmen, etc.) 
Supplies (health, safety, clerical, water treatment for the general facility) 
Utilities (for the general facility) 

Payroll overhead (unemployment insurance, social security, paid vacations 
and sick leave, public liability insurance, unscheduled overheads, etc.). 

Fixed costs 

Amortization cost of the investment 
Paxes and insurance. 

Even though generalized capital and operating costs can sold i evei be 

used directly; thii type oi Information can serve as a useful guide for development 
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TABLE VII. PERCENTAGE DISTRIBUTION OF EQUIPMENT COSTS 
BY UNIT OPERATIONS 





Per cent of total equipment cost: 


Unit operation 








Acid ciicu 


its: 


Alkaline 








IX 


RIP 




circuit 




SX 




column 


basket 


Eluex 




Crushing and grinding 


26- 


45 


26-45 


28-48 


24-41 


31-49 


Leaching 


5- 


15 


5-15 


5-16 


5-14 


10- 17 


Solid-liquid separation 


24- 


■38 


22—36 


1&-16 


8-12 


28- 36 


Uranium extraction 
(SX, [X, RIP) 


14- 


-16 


15- 17 


26-32 


35 -45 




Product prccipilationand drying 


5- 


- 9 


6-10 


6- 10 


5- 9 


7 16 



programmes on new ore sources or for modifications to existing operations. Cost 
evaluations are an integral part of any prudent development programme and the 
cost studies should be continually upgraded as new information becomes available. 
An examination of generalized cost data can be particularly helpful to metallur- 
gists, mining engineers, and geologists. The unit operations that tend to have high 
capital and operating costs should receive the most careful scrutiny. The objective 
of the following section is to present a brief summary of capital and operating 
cost data that can help to develop an appreciation of cost relationships between 
the various unit operations. 

The capital cost of a uranium-milling operation is related primarily to the 
amount of ore that is being processed, but the mineTalogical characteristics of the 
ore also can have an appreciable influence on costs of the individual unit 
operations. Merritt has presented information on the percentile range of process 
equipment costs by unit operations, and these data were used to develop the 
percentage distributions shown in Table VII. 

The data in Table VII are for equipment costs only and do not include the 
cost of foundations, installation, piping, etc. The percentages, however, do reflect 
the amount of equipment that is required for the various unit operations. 
Examination of the data shows that about 90% of the equipment costs are related 
to the unit operations that are directly affected by the quantity of ore being fed 
to the mill. The distribution range 1 for each unit operation is determined primarily 
by variations in the mineralogicat characteristics of the ore being treated. For 
example, unconsoli dated sandstone ores will need only minimal crushing and 
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jrfnding, while hard sandstones and limestone ores may require nearly twice as 
iniicli equipment Leaching equipment costs vary over an even wider range because 
Optimum leaching times, temperatures, and degree of agitation show major vari- 
ations. Significant differences in leaching requirements can occur between sand 
ItOne ores limn different locations, and even greater variations can he expected 

between different types of ore. The amount ami cosi of equipmenl required for 
the solid-liquid separation is usually a function of ihe amount and type of fines 
in the Ore. If significant percentages of mou I nioiillonitc-type clays are present, 
the solids-liquid separation Operaliuns may he dilficiill ami complex, flu' range in 

equipmenl costs i<>i the uranium extraction operation (SXand IX) Is smaller, 

bet a use these operations are less affected by dlffereni es In the mlneralogical compo 

(position id Ihe me. flic dalii in 'fables V VII illustrate aj'.am Unit each ore 
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TABLE VI [1. CHARACTERISTICS OF CHEMICAL PLANT CAPITAL- 
INVESTMENT ESTIMATES 
(Taken from Perry and Chilton, Ref. [46]) 



Type of 
estimate 


Other names 


Usual basis 


Minimum 

error 
(%) 


Order of 


Ratio 


Previous 


>±30 


magnitude 


estimate 


similar cost 
information 




Study 


Factored 


Knowledge of 


±30 




estimate 


flowsheet and 
major equipment 




Preliminary 


Initial 


Sufficient data 


±20 




budget, 


for budget 






scope 


preparation 






estimate 






Definitive 


Project 


Detailed data. 


±10 




control 


but not 






estimate 


complete 
drawings 




Detailed 


Firm 


Complete 


±5 




estimate, 


drawings and 






contractor's 


specifications 






estimate 







TABLE IX. RELATIVE COST DISTRIBUTIONS FOR ACID LEACH-SX 
PROCESSING 







Lquipment 


Capital 


Opera ling 


Unit operation 




cost 


cost 


cost 






(%) 


(%) 


(%) 


Crushing and grinding 




28 


29 


16 


Leaching 




9 


9 


46 


Solid-liquid sepa ration 




46 


44 


22 


Solvent extraction 




1 1 


12 


11 


Product precipitation and drying 


6 


6 


5 



SO 



loun i can present s nearly unique combination ol mlneralogical and processing 

characteristics I thai extrapolation of milling ond proi sssing equipment < o*1 ■ 

based on other operations can be misleading. 

i iverall mill construction costs ibr uranium plants also vary considerably, 
Figure 17 shows the range ol' costs Cor US mills as presented by Merrill:. A plol 
Of construction costs for Australian milling operations as developed hy llarlley 
< I 972 |451) is also shown. 

The costs have been adjusted to January 1978 by use of the CE Plant t lost 
Index. The cost range for a given size US uranium operation varies by nearly a 
factor of 2.0, and much of this difference is due to variations in the ore 
mineralogy. Other factors, however, also influence the construction costs; these 
include: 

Location of the mill 

Climatic conditions 

Environmental requirements and controls 

Creativity of the engineering contractor 

Risk philosophy of the company 

The general construction philosophy of the company. 

The influence of each of these factors must also be considered when evalu- 
ating and comparing cost data. 

Predicting operating costs is even more difficult than estimating capital costs. 
Developing estimates during the early phases of any processing study is important, 
but the accuracy and precision of these early estimates should not be overrated. 
Approximate error levels for various types of capital investment estimates are 
shown In Tabic V1U. The absolute accuracy of the early estimations is limited, 
In it these estimates are useful guides for directing tltc experimental investigations. 

Very little data have been published on actual operating costs for Individual 
unit operations. Presenting this type of information is particularly difficult 
because of Hie details thai must be shown to make the analysis meaningful, As 
mentioned previously, even the methods for allocating indirect costs vary oonsidei 
iihly for different companies. It is possible, however, to develop a general feel loi 
operating cost relationships from the limited data thai have been published. 
Order-of-magni hide costs for the various unit operations of an acid leach-solvent 
extraction mill were derived from the data used to prepare OOS1 estimates presented 
by Rosenbaum and George [47]. A summary of the equipment cost, total capital 
cost, and operating eosl distributions for a 2000 l/d mill prOceSSinj S 0.2?? UjOa 
ore is shown In Table IX. The estimated overall recovery was approximately l >5%. 

Nearly 7091 of the total operating cost is associated with the leaching and 

solids-liquid separation operations Both the steps are dependeni upon the a it 

ol ore being treated, but arc also sirongiv influenced by the mlneralogical oompo 
lition oi the ore i lie i osi distribution foi these two steps olio reflet ti the 



importance of the capita) investment for the solidsrtlquid separation and the 
reagent costs tor the leaching operation. 

Many factors influence the accuracy of capital and operating cost predictions, 
but defining the process metallurgy is fundamental. This definition can best be 
achieved by using a blend of metallurgical mineralogy, metallurgical experimenta- 
tion, and past experience. When designing a mill, it is extremely important that 
close communication be maintained between the design engineers and those who 
have participated in the metallurgical development studies. Nearly every 
experienced metallurgist can cite several examples of problems that developed when 
this communication was not maintained throughout the design process. 



5. NEW DEVELOPMENTS IN PROCESSING TECHNOLOGY 

5.1. Introduction 

The modem uranium ore processing flowsheet is made up of a combination 
of unit operations, all of which have been made more efficient over the years to 
achieve low operating costs, relatively high extraction, and satisfactory product 
purity. Each of these process steps should however be examined with regard to 
possible additional improvements, along with such processes as in-situ leaching 
and other novel techniques for the treatment of low-grade and refractory uranium 
ores. 

5.2. Pre concentration and sorting 

Physical beneficiation processes for upgrading or rejection of reactive gangue 
in the treatment of lower grade and refractory uranium ores and tailings continue 
to be a challenging area for study. 

To achieve high recoveries and selectivity at the same time is particularly 
difficult with the mineral assemblies and textures of most uranium ores, a feature 
they share with fine low-grade tin ores. Work on the fundamental properties of 
fine particles to suggest possible processes may therefore prove rewarding. 

Pre con cent rat ion has been used successfully in recent years in France, South 
Africa and Canada, and a considerable amount of work on various methods 
continues to be done in these countries. However, potential advantages of techniques 
such as photometric and radiometric sorting, heavy media separation, gravity 
concentration, wet high -in tensity magnetic separation or flotation remain 
problematical. 

Nevertheless, the development of a successful upgrading technique could 
greatly improve the capacity of a uranium mill without proportional increases 
in the mill cost. 
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V 1 < lllsllllir mill rllMilnv 

iii the United States In partli ulai , the lntrodu< tion ol semi autogenous 
grinding For uranium ores lias resulted in economii savings, i lie greatest advantage 
is in the elimination of the crushing operation and the problems encountered wilh 
handling and storing wet, sticky or frozen ore. A further 'significant advantage 

OJ semi-autogenous grinding is that dust (and radon gas) emissions are confined 
In one area ami can he better controlled. 

(hunks as big as 60 em may be fed directly to the mills which operated with 
from 1 4% ball charge at a density of about 70% solids. Sandstone ores lend 
to literally fall apart very rapidly in the semt-autogeneous mills and I lie aeliou 
leems to be one of scrubbing more than actual grinding. In tact, wilh a grate dis- 
charge, il is difficult to keep the mill loaded. 

One problem with autogenous grinding so far has been in size classification 
Of the product, since wood fibres in the pulp tend to clog Stationary screens and 
I vi lones. With screens, this can lead to prohibitive circulating loads. Base melal 
mills have used the DSM screen while uranium mills, planning to use autogenous 
grinding, are considering horizontal vibrating screens for sizing. Open-circuit 
i) petal ions also are feasible since not too many ore particles are normally found 
nt or near the limiting size of the mill grates, which is usually 60 to 90 mm. 
However, these occasional coarse particles must be dealt with in the following 
leach tanks and thickeners and this can be a problem. 

In one existing installation and in at least two planned milling circuits, a 
lemi autogenous mill is followed by a conventional rod or ball mill. Tins circuit 
retains the economic benefit of elimination of the crushing circuit, but maintains 
Hie operating reliability of size reduction for maximum uranium liberation and 
avoids tramp oversize particles from entering the leach circuit. 

5.4. Leaching 

5,4. 1. Equipment and techniques for "in-ptant" leaching 

Leaching in most mills has become relatively straightforward, barring upsets 
due to frothing, mechanical problems, or an ore with unexpected characteristics, 
However, most studies on the leaching of uranium ores have been empirical, and 
i( is possible that improvements may be made in leaching efficiency or in the 
treatment of difficult ores, if a more fundamental approach is adopted wilh SPCi lfl.1 
emphasis on the relationship between the mineralogy of the ore and ils leachinr, 
response. 

Ores wilh high carbon content often prove difficult to handle and gome-ttmei 

uprofitable, High lime and high clay ores are troublesome and usually require 
special treatment. Roasting may be useful to improve ore characteristics bul 
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little is known about the reactions involved or how to malce them prooeed to best 
advantage. 

Future studies should examine the Oxidation and dissolution reactions, and 
the effect of I lie many system variables on the kinetics of these reactions. 

The extraction of uranium by acid pressure leaching was first investigated 
in South Africa in the 1950s when a small continuous pilot plant was operated 
by the Anglo-American Corporation. Although extractions of up to 94% uranium 
were achieved, this approach was put on ice because it was uneconomic at the 
time. 

The recent increase in the prices of uranium and gold, and in the cost of 
sulphuric acid, has renewed interest in the process and a collaborative investigation 
by the uranium industry is being undertaken on pilot-plant scale at one of the gold 
mines. The aim is to test the reliability and performance of the equipment in 
full-scale operation, to establish a correlation between the results of bench-scale 
and pilot-scale tests, and to provide the mining companies concerned with practical 
information from which they can evaluate the use of pressure leaching in their 
own areas. Economic studies suggest that operating costs are comparable with 
those of conventional leaching, although capital costs are higher. It is expected 
that design work on one or more uranium treatment plants incorporating pressure 
leaching will be started soon. 

The use of a pipe reactor, termed a tube digester, is being investigated on a 
pilot-plant scale in South Africa for the acid pressure leaching of uranium ores. 

5.4.2. Jn-situ leaching techniques 

5.4.2,1. Heap leaching 

A significant number of moderate-scale heap-leaching operations and 
experiments have been performed, but relatively little information on the results 
has been published, particularly concerning uranium recovery efficiencies. In the 
United States most of the heap-leaching operations have been used to extract the 
uranium from material which is below cut-off, feed-grade ore at operating mines 
and mills. A number of companies and organizations throughout the world arc 
re-evaluating heap leaching as an extraction method for relatively small deposits. 
The mineralogical composition of the ore has a major influence on the rate at 
which the leach solutions can be percolated through a heap and the method 
described by Kaiman [20] is useful but it has not yet been possible to predict 
the response of a given ore from mineralogical data alone. Experimental testing 
is mandatory. 

The US Department of Interior, Bureau of Mines, has undertaken studies 
to gather fundamental and comparative data on the heap-leaching characteristics 
of ores from New Mexico, Wyoming and Colorado. The overall objective of the 
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work was in develop .< tei hnlque Ibi i Vfthiai lha heap leaching potential "I 

any given ore 

Neap leadline in polentially :m illi.li tlVB IOW«OOS1 method sini >.■ if eliminates 

much oi the cos! of crushing, grinding, leaching and liquid-solid separation, all 

of which are high capital and operating cost items. Like bene Relation the method 
does not ye1 achieve high recoveries. However, the problem would be less if 
techniques I'm forecasting recoveries with greater aceti racy could lie established. 
II is apparent that more work is needed to develop improved techniques lor heap 
construction and operation, more efficient solution to ore contact, effective 
controls over pll and oxidation levels, and means to avoid interference from gypsum 
and clays. There must also he provisions for dealing with environmental problems, 
including what to do with the heaps after leaching is completed. Work over the 
p tsl decade has resulted in a better understanding of the role of bacteria in heap 
leaching and new methods are being suggested using external term e mors to 
generate ferric iron and acid externally, thus alleviating the problem of oxygen 
supply. There are bound to be improvements in (hese techniques. 

5,4.2.2. Solution mining 

The interest in solution mining of uranium orebodies has increased 
Significantly in recent years. The unconsolidated sandstone deposits of Wyoming 
and Texas have been the prime target for this developmenl in the USA. Initial 
invesligations were primarily acid leaching operations, but most of the current 
Operations use various alkaline leaching techniques, ammonium carbonate 
solutions being particularly favoured. 

Certain prerequisites are necessary for successful application of Uic technique, 
I lir first is that the mineralogy of the deposit must be amenable to the process; 
dissolution of minerals other than those containing uranium is usually important 
wilh regard to their possible influence on permeability of the strata. In Texas 
tin 1 uranium is present as uraninite and coffinite, and the deposits generally conform 
lo a characteristic "roll-front" shape. The deposit must be underlain and overlain 
by non-permeable strata {e.g. shale) and must lie below the water table. In 
addition to those operations in Texas, pilot operations have been conducted in 
Wyoming. The Wyoming sandstones are reported to be generally less permeable 
I haii Smith Texas sandstones. 

the lixiviant is delivered to the orebody through injection wells and the 
pregnant solution withdrawn through recovery wells. In practice, pumping 
pressures cannot exceed the collapse pressure of the ground structure. The 
iclalive physical disposition of injection and recovery wells may vary according 
to (he local geological features. 

A typical well patten d verlieal section of a deposit, one of the lust in 

operation, is shown In I lg 18, hi this arrangement monitoi wells w< n ostabliahod 
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FiG.lS. Solution m in ing fo r in -situ leaching of uraniu m . 



where static water levels could be measured, to ensure that injection and recovery 
Solution flows are balanced; in this way the body of leach solution can be con- 
tained with minimum environmental contamination. 

The current arrangement now favoured is the five-spot pattern; injection 
wells are drilled in a 1 5-m-square pattern and are located at the corners of a 
square configuration with the recovery or production weil in the centre. Monitor 
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wi«lh are located at appropriate points to detect escape or leach liquor cm ingress 
"i jtroundwatet Well bore holes are approximately 15 cm in dia. with casings of 

Bboul HI cm in dia. Reported recovery well (low-rates vary from 2 to 16 m 3 /h. 
Grades ol pregnant solution vary from 10-20 to 200 ppm U 3 O g . 

Assuming 3,3 ur'/h output per well, 80 ppm U 3 B , and 100% recovery of 
mi a ilium on surface, a I 13400 kg U 3 O fi per year operation would require 71 
production wells. To this must be added an equal number of injection wells, 
mid a network of monitoring wells to detect solution "excursions". 

In I97f> Westinghouse estimated the capital cost of a 131 m 3 /h, 
I I t 400 kg U 3 8 per year operation at $US 2 000 2000. The indicated solution 
Ciade for this operation approaches 150 ppm U 3 O s , and a total operating crew 
"I 40 men may be required. Westinghouse stated that the total cost of the above 
operation (capital plus operating) would be in the order of $US55/kg U 3 O s . 
I he major operating costs include chemicals, drilling and aquifer restoration. 

( )ne of the major problems of solution mining is loss of well permeability 
wilh lime. Blockage of a well can occur owing to precipitation of insoluble 
Compounds (e.g. CaC0 3 ), or swelling of clays which are normally present in 
significant concentrations. The choice and chemical makeup of the leach solution 
employed are major factors in controlling loss of well permeability. Most 
operators currently use an ammonium carbonate/bicarbonate leach solution along 
wilh hydrogen peroxide as an oxidant; however, the relative advantages of the 
immonia-based system over a sodium-based system do not appear to be well 
d'/ lined. Leach solution pH is stated to be a major factor in maintenance of well 
permeability. It is also considered important to keep the concentrations of the 
various ionic species as close as possible to natural orebody conditions. To this 
v\ui, some operators use groundwater from the aquifer in question for make-up 
leadl solution. 

The uranium recovery process first involves treatment of the uranium- 
hearing liquor in filters to remove any sand or other solids, followed by contact 
In ion-exchange columns. The barren solution from ion exchange is returned 
to the well for re-injection after chemical make-up. It is sometimes necessary to 
remove calcium from the barren solution by precipitation. The uranium is stripped 
from the resin by elution with sodium chloride solution. The pregnant eluate 
may be passed through charcoal columns to remove impurities, including 
molybdenum, and then to precipitation tanks where yellowcake is precipitated 
with ammonia or caustic soda. 

Solution contaminants leached from the orebody often necessitate additional 
processing steps to avoid operating problems. For example, the chloride content 
Of some leach solutions has been relatively high, with a correspondingly depressing 
effect on resin loading and production capacity. Considerable problems have also 
been encountered with scaling of pipelines on surface and underground owing 
to formation of calcium scale. 
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Asa result of the requirement for control over solution concentrations, and 
also due to the fact that more solution must be withdrawn from the orebody 
than is pumped into it, there may be a significant bleed of solution from the 
circuit. Disposal of this excess solution may be via evaporation ponds, but in any 
event is subject to environmental restrictions. The degree of recovery obtainable 
from an "average" orebody is not known; no operator lias attempted to obtain 
a reliable measurement on a well field or well pattern by re-drilling an exhausted 
area. 

Although present well design and completion techniques appear to be 
generally satisfactory, experimentation continues with well-field design techniques. 
The deepest deposit at present in commercial operation is 80 m below surface. 
Owing to uncertainty of recovery estimates using solution mining techniques, it 
would he difficult to construct a good comparison with conventional mining/ 
milling for a case where either would be economic. For deposits that are 
unattractive for conventional methods, the low capital investment required for 
in-situ leaching makes this approach worth consideration. 

5.4.2.3. Underground in-situ leaching of broken ore 

A novel in-situ leaching technique is being used at the new Agnew Lake 
Operation in Canada (Lendrum and McCreedy 1977 [48]). Special underground 
mining techniques are used to blast and cave the ore into large stopes. Acidic 
leaching liquors are applied to the broken ore by spray pipes at the top of the 
stopes. The solution percolates through the broken ore and is collected in sumps. 
The col I eel ed liquor is pumped to the surface for circulation through the surface 
heap or for processing. The "swell" produced by the difference between the 
volume of broken and unbroken ore is taken to the surface for heap leaching. 
The operation is designed to take advantage of the catalytic action of thiobacillus 
ferrooxidans to utilize the air to oxidize iron and maintain a high redox. 

5.4.3. Strong acid cure leaching 

A process that is generating increasing attention for the leaching of certain 
types of uranium ores is the strong acid cure leach developed by the United 
Kingdom Atomic Energy Authority and applied continuously by Pechiney Ugine 
Kuhlmann. 

Depending upon the system selected, crushed or ground ore is wetted and 
mixed (agglomerated) with concentrated (4 to 6 normal) sulphuric acid; the 
mixture is then cured. The reactions generate heat and the temperature increase 
assists solubilization of the uranium. After curing, an acidic spray wash is applied 
to the mixture. After water washing, the leached and drained solids are removed 
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inri h. ,iii v in. dlii nrdad to tin disposal area, and the uranium burins 

lolut i an then processed fat >■ i . ol yelbwi ul ■• 

Di tails are given In Pari 11 ol the equipment and operating eond i oi 

in strong ai Id cure leach as applied by Pe< I >y I 'gine Kuhlmann at ilu- Aihi 

plant, Sorriah In Nigei 

to an example oJ the economics ol strong acid leaching, the expected 
advantage In 1975 of the UKAEA process ovei aoonve >nal V\ lOt/d uranium 

null, loi Med in the Elliot Lake district . < laiiada, was $1 O'XiOOO 1 in capital costs 
.mil Hi.' operating savings were estimated a1 $0.37/t ore [49], However, before 
tin' installation of the UKAEA process could be considered, a pilot-planl 
campaign was required. The 1975 capital costs of a ( ' t/h and an 18 t/h pilot plant 
Were estimated as $600 000 and S000O0, respectively; operating costs were 
fl ipei lively $3.85 and 2,31/t. The total cost of the pilot-planl study was 

Mtlmated to be $150 000 200000. 

Ai the Naturita, Colorado, operations of Ranchers Exploration and Develop* 

in. 'ii i Corporation, uranium-vanadium tailings are now being retreated using 8 

strong acid process. The reclaimed tailings -are agglomerated with sulphuric acid, 
and placed iii prepared earthen vats for subsequent oounter-current percolation 

I. .i, hing, The collected solutions are processed through solvent extraction for 

v = • i v of uranium and vanadium. This is the only commercial operation in 

North America employing the strong acid leach: an ore treatment plant did 
Operate in Wyoming for a short period in the 1960s using a strong acid-vat Icach- 
i. mi cm hange flowsheet. 

5,5, Solids/liquid separation in high-rate thickeners 

A high-rale thickener whioh has been designated the "Enviro-Clear" thickener, 
h i ■ been Installed in the washing circuit of the Bear Creek mill of the Rooky 
Ml. Energy Co. In Wyoming. Figure 19 shows a generalized view of the unit, 
i Iii flocculated feed slurry is Introduced horizontally and at a controlled rata 

ii previously formed sludge bed rather than above I lie bed as in a conventional 

thii l i-ner. 

The sludgi bed provides a filtering effect on the liquid and the need for a 
i irge i larifying area is thereby eliminated. As a result, space requirements are 
reduced substantially. The hawiro-Clear equipment is being used fur clarification 
mid for yellOWCake thickening, as well as in CCD. 

Initial experience In North America wilh I he I nviro-t leai in acid leach CCI) 

iils has been generally favourable, lull there is insufficient experience In 

evaluate fully the merits of Ihis equipment. There was some concern lhal the 

i nvlro < leai thickeners would require close operate) attention and that a high 

1 I'.Min.llini ill .lllll'll UNlill 111 llll'l 
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flocculant dosage would need to be maintained; the former has not materialized 
to any sign ifi cant extent. 

Three 1 1-m Enviro-Clear thickeners have recently been included as sixth- 
stage vessels on three CCD circuits at an acid leach uranium mill in Elliot Lake, 
Canada. Also at this location, a 9-m Enviro-Clear vessel is being used to clarify 
acidic mine waters after neutralization. 

In South Africa, a 17-m-dia. Enviro-Clear thickener is being tested to 
thicken old tailings recovered from a pond area. It is reported that a 17-m and 
24-m dia. unit will be installed in separate mining locations in Soutli Africa. 

In Nortli America, both Dorr Oliver [nc. and the Eimco Division of 
Envirotech Corporation are pilot-plant testing thickeners, of a novel design, which 
are expected to have high capacities similar to that achieved with the Enviro-Clear 
design. 

The development of deep-well floc-bkmket thickeners will no doubt continue 
and it is possible that a combination of the deep-well feed to handle the bulk 
or solids with the lanellar thickener to handle the overflow slimes may maintain 
the competitiveness of the CCD washing system so far as capital cost is concerned. 

5.6. Concentration/purification by CIX 

The application of small manually operated fixed-bed ion-exchange plants 
(FBIX) at small mines remains attractive. (The keynote of its simplicity has 
already been highly exploited for water treatment.) 

However, the disadvantages of FBIX become evermore evident as the scale 
nl operations increases. On the other hand, with the inevitable trend to lower- 
grade solutions, solvent extraction (SX) also becomes less attractive. For these 
reasons the development of continuous ion-exchange (CIX) equipment that can 
overcome the difficulties encountered in traditional fixed-bed installations. 
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and the Use oi resin lOH Wti hangi foi the concentration and purification of 
prepanl liquors, have probably received more attention in recent years than any 
oilier part of the uranium ore processing flowsheet. The three most important 
Of these defects of FBIX are as follows: 

(i) The size to which a fixed-bed unit can be increased without fall-off in 
performance is limited. This size limitation leads to the necessity for a large 
number of parallel trains of ion-exchange columns when a high flow-rate of 
soln (ion is to be treated. No savings resulting from large-scale operation are 
possible since not only ion-exchange vessels but also pumps, valves, piping, 
control equipment, operational manpower, maintenance and analytical services 
lire all increased in direct proportion to the number of units required. 

(ii ) Poor use is made of the exchange power of the resin. At any time in the 
exchange cycle there is always an appreciable fraction of the total resin inventory 
thai is not exchanging ions. While countercurrent contact of resin and solution 
Hows is readily achieved in CIX designs, this is not so for FBIX. In fixed beds 
I he bottom of the resin bed is not eluted as well as the top. When pregnant 
solution flows through this bed, fed in the same direction as the eluate, the 
phenomenon of self-chit ion is frequently observed. Here traces of uranium 
remaining at the bottom of the bed are eluted by the barren solution passing 
through this region. This uranium is not recovered. 

(iii> Fixed-bed units require a clarified solution since a resin bed acts as an 
efficient filter Tor any slime present, resulting in hydraulic problems and eventual 
blinding of the bed. 

The development of CIX technology has not been without its pitfalls. A 
review paper published in 1972 [50] gave illustrations of 27 different CIX systems 
and described many others. Brief descriptions are given below of four of the 
CIX systems that have been included in industrial uranium plants. 

5 6, 1. The CHEM-SliPS system 

1 lie CHhM-SLPS continuous ion-exchange system (also known as the 
Higgins loop) is the oldest of the CIX techniques that have been applied to uranium 
recovery. Although pilot-plant test work was conducted in 1955 and a number 
Of water treatment plants are in service, it is only recently that this system has 
been .specified for a commercial uranium plant established by Wyoming Mineral 
(I logins, I ( >7K [51]) Corporation at Bingham Canyon, near Salt Lake City, Utah, 
USA. The planl was supplied by Chemical Separations Corporation and is used 
for recovering uranium from a copper-tailings leach solution that contains only 
K) ppm 11,0,,. The CHEM-SEPS CIX system is shown in Fig,20. It is a single 
loop comprising four sections which air scparaled by valves lo isolate the resin 

undergoing different treatment itegei in the ion exchange cycle. The resin is 
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moved hydraulically as a compact bed in small increments. During the period 
when the bed is stationary, the solutions flow count ercurrent to the direction of 
resin movement, and more than one liquid stream may enter or leave a given 
section. Rinsing solution and fresh eluant enter the lower section, while loaded 
eluant and displaced pulses of liquid are removed at points further round the loop. 

Probes that detect changes in concentration control the position of the 
interfaces between these different solution flows. Provision is made for the 
backwashing of resin after it has been loaded but before it enters the pulse and 
elution sections. 

It is claimed that the CHEM-SEPS C1X system can handle feeds containing 
substantial amounts of suspended solids. However, the ability of the system to 
clear itself of suspended solids that have become trapped by the resin bed in the 
loading section is a function of the resin circulation rate, for the situation in 
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Which the uranium concentration of the feed is relatively low and the suspended 
rftilkts content high, the danger exists that the rate of resin and suspended solids 
In the backwash chamber will not equal the rate of accumulation of (rapped 
lohds in the loading section. Although externa] timers are used to order the 
majoi periods in the exchange cycle, considerable dependence is placed on the 
in In ii. 1 1 probes necessary for interface control. 

A major advantage claimed for the GHEM-SEPS system is the relatively 

liii'.li flow-rales per unit of cross-section thai are possible. As a result this system 

hai been used for applications where i lie concentration of the ion to be extraoted 
In very low, as is the case for tailings solutions and water-treaimenl applications 

'■ 6 ' Tin' Himstey system 

A Hirasley cix system has been included in the uranium plain of Kerj 
Addison m Agnew Lake, Ontario, Canada, A typical iiimsley unit is shown in 
i if [I, ii comprises an absorption column, a resin«mea8uring chambei . an elution 

■"I i and a rinsing chamber. En this system there is no Interruption of the 

h'i'd Ilquoi when resin is transferred Ii the absorption column, each batch oi 

■ ■ in being measured and moved separately and consecutively down the i oh 
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The absorption column comprises a series of chambers in which the resin 
is fluidized by the upward flow of liquor. The resin moves countercurrently to 
the liquid flow, and the residence time of all the resin particles within the column 
is the same regardless of any differences in particle size or settling rate. The 
liquid is distributed through each chamber via a single, centrally located inverted 
weir, good distribution of liquid through the resin bed being claimed for this 
device. However, the use of a single distributor limits the maximum column 
diameter that can be employed. In the Agnew Lake plant, the heights of the 
stages and the diameters of the columns are varied to suit the different fluidization 
properties of the resin as the uranium loading on the resin varies down the column. 

The design of the Himsley elution system is almost as novel, although less 
complicated, as that of the absorption column. Resin from the bottom stage 
of the loading column is transported to a measuring chamber that is provided 
with an overflow back to the bottom stage. From the measuring chamber, a slug 
of resin passes to the bottom of the elution column, lifting the settled bed of 
resin as an undisturbed plug in the column. The uppermost slug of resin is rinsed 
and transferred to the top of the absorption column. Eluatc flows downwards 
through the resin bed in the period between resin transfers. 

The Himsley contactor installed at Agnew Lake is the first plant of this 
design in commercial operation. The requirement that the plant should be erected 
in an existing building led to the division of each of the two absorption columns 
into two sections in series, each 7.3 m high and 2 rot in dia., containing five and 
four compartments, respectively. 

During start-up there was a high concentration of nitrate in the feed, probably 
due to some excessive residue from the explosives used in the initial blasting of 
the Agnew Lake ore. This resulted in nitrate levels in the feed of 2 g/litre. At 
the same time, the molar ratio of ferric iron to uranium approached 30:1, which, 
together with the nitrate, reduced the loading of uranium and slowed down the 
rate of absorption. This necessitated operation at low flow-rates to obtain 
acceptable barren effluents. 

More recently, a new section of the mine has produced liquors of a reducing 
nature, resulting in about 100 ppm of polythionates appearing in the pregnant 
feed. This fouled the resin to the extent of 140 g/litre or more, but subsequent 
treatment with caustic soda and sodium chloride regenerated the resin. It has 
been reported that 316 stainless steel is severely corroded in such a reducing 
environment, particularly in the elution column, where the level of polythionate 

is high. 

Despite these unexpected problems, the mill staff has kept the system m 
operation, producing acceptable barren solutions. At an operating temperature 
of 15°C, each column is treating about 50 m 3 /h. 

(A Himsley contactor is being designed for Vaal Reefs Exploration and 
Mining Company Limited in South Africa, comprising five 4-m dia. absorption 







eolumnito twal a flowol 1050 nV/h Nww will beconitructe I lb< rglaw 

mi will bo in operation aboul the mlddk of 1979.) 

. fl ; The NIMCIX oontaetor 

The NIMCIX contactor has been developed and very successfully applied 
to uranium recovery In South Africa by engineers of the National Institute foi 
Metallurgy, the Atomic Energy Board, and the gold mine groups who are linked 

In the Nuclear Fuels Corpora I km of Smith Africa ( Nufcor) | 52|, 

The NIMCIX system has been in industrial operation in combination with 
('{'D nl the Dlyvooruit/ichl uranium plan) since July 1977. N1MC1X systems 
will be installed in combination with horizontal belt filters in the new uranium 
plants al Stilfontein M\d Kleinesprinl (both due to be commissioned in 1979) 
.mil Is being considered for a number of other applications in South Africa and 

In other countries. 

A typical NIMCIX system comprising an absorption column, an elution 
flOlumn and two resin transfer vessels, is shown in I 'in. 2 2a and h. 

A NIMCIX column consists of a cylindrical section with a conical bottom, 
I he , ylindrical section is flared at the top, above the top surface of the fluidized 
!„ ,1 nl Ion exchange resin. The long cylindrical section is divided into a number 
ol contacting Stages by distribution trays (hat allow countered rrcn I and periodic 

muve ,,i of the solution and the resin. The feed solution enters through a 

(|| .i nl ii i linn pipe below the bottom tray and the barren solution leaves I he top 

n I t| 1e ( ii| i via a peripheral overflow into an overflow launder. The overflow 

Inundet can be lit ted either inside or outside the main shell of the column. Resin 
| idded to the top of the column through a central feed-well which extends 
in low Hie surface of (tic- liquid lojusl above I he lop surface of the fluidi/cd bed 

mm Resin is withdrawn through the apex of the bottom conical section. 

Il„ bottom hay is modified by the addition of caps placed over each perforation. 

li,,. iblnatlon has been designed to achieve a self-regulation of resin Inventory 

throughout the column. 

1 1,,. opcrnting cycle of the NIMCIX contactors consist of the following live 

ilhiim i periods: 

Ihr forward-flow period Solution Hows upwards through the column and 
fluldlzes the resin in each stage. (In the absorption column, the resin beds expand 
l,, the hoighl of each stage, > The only wasted volume is the space just below each 

which i in- solution rearranges itself ami Hows through the various orifices 

In Hie distribution tray. 

The sattllng ptrtod During this period, the solution How is stopped and 
,,., iet ties In a dense state on to each dig I tray fills ensures that 
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UK- retin is transported In a dense itati d B ll "' ntxi period In the cycle end iiu- 

back Row of solution between stages If nlmlied, i he cups on the bottom tray 

hi the column ensure thai no resin drops Into the conical section of the column 
.1 ig this period ojf the cycle. 

The reverse-flaw period: A known volume of solution is withdrawn from 
the column through the transfer vessel by the circulating pump. Simultaneously ( 
,i known volume of resin is transferred between the stages and also out of the 
hollom stage. M llic end of the reverse-flow period the resin that has left the 
bottom Stage is distributed between the conical section of the column, the pipe 
connecting the bottom of the column with the transfer vessel, and the transfer 
vessel itself. 

The delay period: Solution is circulated through the conical section Of the 
column and I he transfer vessel by the circulating pump. This ensures that all 
llir resin in the conical section of the column and in the line from the column 
In tin- Iransf'er vessel is deposited in the transfer vessel. The caps on the bottom 
I ray Of the column again ensure that no resin drops into the conical section of 
I In- column during this period of the cycle. 

The resin-transfer period: The transfer vessel is isolated from the column 
during I Ids period. Solution is introduced into the transfer vessel by the transfer 
pump and the resin is transferred to the top of the elution contactor. 

The forward-flow and resin-transfer periods start simultaneously. The steps 
described ensure that the resin movement is stable and predictable, that no valves 
I lose on the resin, and that resin movement is gentle. 

The elution contactor is generally smaller than the absorption contactor 
ami III us lias to complete more than one cycle to every cycle of the absorption 
Contactor to preserve the resin balance. Finer control of the resin balance is 
,ii liicved by the use of an ultrasonic level-detector mounted in the top of the 
cliuion column. During the first settling period following a resin-transfer prim, I. 
tllQ detector senses whether the level of the resin in the top stage of the elution 
■ ..inmn is too high or too low. If the level is too low, a long forward-flow period 

ei Is selected. If the level is too high, a short period timer is selected. The 

level Of the resin is thus maintained between two desired limits. 

Muled resin is transported periodically to the top of the absorption column. 
I lu- expanded cross-sectiOhal area ensures that the introduction of resin creates 
hill.- disturbance of the upward flow pattern. The possibility of en trainmen t of 
n | tin- barren solution overflow is thus minimized. An additional allowance 

in the height of the uppermost stage provides space for Hie most recently trans' 

forred slug oi resin withoul the necessity for the prioi re val of the existing 

stage Inventory- 
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FIG. 23. Porter ion-exchange system. 



5. 6. 4. The Porter system 

The Porter CIX design concept, as specified in a US Patent of i 975 has been 

i sets? R6ssjng a,id in two ***» ^ »£* * T^L 

contact s id ^T' *?* * ^^ counter™ i rcsin-solmion 

contact is made ,„ a series of vessels. In each vessel the solution is introduced 
th ongh a brancl d marlifokl flQws upwards flLlidized . resin b 7 6 a d nd 

^S:^;^^?^ 8 pumped to the next *^ ^ i- d 

conntcrcurrent to the solut.on flow by airlifts operating from the bottom of each 

KSS^S? ves ? from w!lldl tlle resin ««- to a «« * 

me centre of the next stage. Resin movements are a series of batch operations 
Resin ,s more or less completely transported from the first vessei of I efie 

an ;: :;r tt of *• second *** ™ ***** * * St ss, 

The ollon T " le t0 the ,Mt mSeI ' ** Wh,dl ** - Si " is "^odueed. 

h coolt d " 7 " U ; mterrUpted > but ™* ft* of the five compartments can 
'e counted as active stages at any one time. A certain amount of dead volume 

ta the liquid overfiowmg from a stage will be subject to passage through , 
cerdnfugal pump. As in the screens R.P sys.ems gating in th USA 
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FIG. 24. KERMAC CIX system {one absorption stage). 



problems may arise in the maintenance of an even distribution of the resin 
inventory between stages. The CIX plant at Rossing consists of four absorption 
modules in parallel each comprising six rectangular Porter contactors. The 
clution section comprises three conventional fixed-bed ion-exchange columns per 
module. 

A second Porter CIX plant has recently been installed at Rossing to treat 
a recycled stream of low uranium concentration. The absorption compartments 
in this plant are circular in cross-section and interstage solution flows by gravity. 

S. (>. 5. The KERMA < ' ( IX system 

Keei McOeo Corporation have been recovering uranium from mine waters 
for more ihan l r i years in a CIX plant designed by their own staff specifically for the 
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purpose Plfluw '■! Illustrates the design ol a single absorption stage of the 
KERMACC1X system, 

Tlie absorption duty is performed by I modules of two fluidized*bed 

■ otumns in series. Solution flows down a central feed pipe to it cone below a 
perforated plate, and then up through the fluidized resin bed to circumferential 
overflow launders. The overflow from the first column gravitates to the second 
COlumil Which is identical to the first. A conventional fixed-bed column is used 
for elution. This plant is noteworthy for the simplicity of both process and 
mechanical design features. 

The reason for dividing a vertical column of fluidized resin into a number of 
separate compartments is to avoid back-mixing of the resin. As the number of 
compartments increases ? the ideal condition with respect to the driving force for 
mass transfer, that of true countercurrent How, is more nearly approached. 
However, owing to the limited range of movement of a fluidized resin particle, 
an undivided column will display behaviour intermediate between that of a 
perfectly mixed vessel and a multicompartment column. When a relatively large 
driving force for absorption is provided by the very favourable equilibrium that 
is shown in dilute alkaline resin systems high absorption efficiencies may be 
realized in a small number of stages. Herein lies the success of the KERMAC 
system in treating mine waters containing low concentrations of uranyl carbonate. 

5.7. Concentration /purification by SX 

All mills at present using solvent extraction are operating mixer-settler units 
and heating clarified pregnant solutions. Perhaps the biggest drawback to these 
■ in nils are the large quantities of solvent required to fill the system. Other 
problems usually are associated with emulsions and eruds which interfere with 
Operation and which often are difficult to overcome. Not enough is known 
iboni the influence of solution impurities, chemistry, dynamics etc., in uranium 
BOlvenl extraction from leach liquors, and the industry could benefit if 
Comprehensive studies were undertaken to develop better understanding of these 
Systems. Although the solvents now in use do their job well, it also is not 
unreasonable to believe that better solvents could be developed which might 
have more selectivity, lower aqueous solubility and less tendency to form the 
eruds and stable emulsions. More work probably should be done on the carrier 
solvents that are in use since some investigators have indicated that the extraction 
kinetics and disengagement rale may be improved with the proper choice of 
diluenl as compared to I he conventional kerosene. Mixer-settler design probably 
has not been perfected to the point thai truly optimum performance is achieved, 
although s considerable amounl of recent work has been done by Wellman-Power 
Gas Inc. and nllicrs to improve the design. Impeller design seems to be quite 




critical and requires considerations ol both the reaction kinetics and the effect 

ni mixing in the subsequent settler requirements, The laiier can be quite important. 

The original work of liellingliam ( I960 |40j) establishing criteria for adequate 
mixing but avoiding secondary dispersion remains valid and the problem of 
satisfying this criterion but also satisfying criteria for pumping is not yet well 
resolved. 

For example, the Power-Gas studies have indicated that, with constant flow- 
rate and impeller configuration, about 25% increase in impeller speed will nearly 
double the width of the dispersion band in the following settler. Flow distribution 
in the settler can be important as can the length-to-width ratio. Improvement in 
area requirements can sometimes he obtained through the use of eoalescers, or 
stacked trays and baffles placed in the settler tank. Coaleseers are devices 
constructed of materials selected for their wettability by either the solvent or 
the aqueous phase which act to promote coalescense of the dispersed phases and 
thus reduce settling time. Power-Gas has tested the use of a coalescer consisting 
of a kit interwoven mesh of both plastic and metallic threads and has obtained 
promising results in promoting phase separation. 

Stacked trays and baffles such as those made by Lurgi, IM1, Pielkenroad, 
and Heil act to improve phase separation by increasing the interfacial areas 
available for phase separation in the settler tank. 

Many other devices conceivably could be used in the uranium solvent 
exl ruction circuits which might offer means for decreasing the large solvent 
inventory required for mixer-settlers. Static mixers of the Kenics type, which 
have no moving parts, apparently have been tested successfully and probably 
would have little tendency to form small dispersed drops or lead to entrainment. 
Phase separation, therefore, should be rapid and settler size smaller than usual. 
Nothing seems to have been published about the use of this type of mixer 
with regard to the kinetics of the exchange reaction or the transfer obtained. 

Ritcey has recently presented a comprehensive evaluation of a number of 
different types of solvent extraction device with potential application in the 
uranium industry [53], Landau et al. [54] have reported specifically on develop- 
ments in the use of reciproca ting-plate extraction columns for hydrometallurgical 
application. Other than the mixer-settler, probably the most interesting of these 
are (lie pulsed columns, primarily because of their relative simplicity and their 
potential use in solvent-in-pulp (SIP) systems. Solvent inventory would be less 
for the columns and less floor space would be required, although the columns 
would require more head room. A deterrent to the use of these devices is the 
difficulty of scaling up test data to commercial size and the lack of industrial 
experience in their use. However, pulse columns have been in use in the uranium 
refineries for many years. Column scale-up is difficult since I rue staging is not 
Obtained as in mixer-settlers, and it is necessary to consider many additional 

(bettors in translating from a small test unii in commercial size devices. 
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In spite of some projected problems, the pulse column does present some 
interesting possibilities and deserves more study. At present, the main research 
in this area is being done in Canada by Ritcey and his associates. Of particular 
interest has been their work on the application of the sieve-plate pulse column 
to direct extraction of uranium from leach pulps. Considerable potential is 
indicated for this method in that liquid-solid separation (and the associated costs) 
can be completely eliminated without impairing the overall metallurgy. A principal 
problem has been the solvent loss; however, this can apparently be controlled 
even at the present level of achievement to only about two and one-half times 
the usual losses encountered with typical SX practice in the USA, which has 
been approximately 1 litre mixed solvent per cubic metre feed solution, or roughly 
0.5 litres/ 1 of ore. Pulse columns up to 25 cm in dia. have been operated in a 
pilot plant; however, further studies undoubtedly will be needed before scale-up 
to commercial size is attempted. 

5.8. Precipitation 

Of all tiie unit operations included in conventional uranium circuits, 
information on precipitation phase has received least publicity. An Australian 
paper appeared in 1968 [55] but other operators appear to have kept their 
experiences unpublished. In many plants, conditions are such that precipitation 
is routine and so long as conditions are properly controlled little attention is 
required to obtain a satisfactory product. In other plants, however, the problem 
of producing high product purity, high density, and good filtration and washing 
characteristics may require considerable attention. In general, the precipitation 
technique remains almost totally an art, affected by such unpredictables as system 
geometry, agitation, continuous versus batch systems, methods of reagent addition 
and timing, and other factors. 

Some fundamental studies on uranium precipitates have been undertaken in 
recent years in an effort to increase our knowledge of the precipitation process. 
At least three laboratories have undertaken a systematic study of ammonium 
uranate {yellowcake} precipitation products to elucidate the composition of 
different solid phases found when ammonia is added to a solution containing 
uranyl ions. 

In another area of investigation, increased attention has been given to use 
of precipitants other than ammonia. A number of uranium mills are conducting 
laboratory and plant tests on the use of hydrogen peroxide for uranium 
precipitation. The peroxide process has been adopted by the Atlas Minerals 
Uranium Mill in Moab, Utah, for use in selectively precipitating uranium from 
sodium chloride strip solutions containing relatively high concentrations of 
vanadium. Two other mills are currently using hydrogen peroxide on an inter- 
mittent basis: Union Carbide Corporation in Uravan, Colorado, and Rio Algoni 
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' orporution In l.a Sal, Utah i ton oi hydrogen peroxide report they obtain a 
producl oj greatei pinny which is more readily filtered, washed and dried titan 

I parable atuiuouin-precipilalnl uranales. 

Quite obviously there is a \w<.\ For In-depth study ol othei Factors Influencing 
the type of uranium compounds precipitated From solutions, with the goal of 
achieving bettei control of l In- readmits, improvements in the process techniques, 
in- 1 high grade products with optimum physical characteristics. 

5,'J, Flowsheet innovation 

Should uranium processing be reduced to its minimum elements, we would 
ImhI these to be size reduction, leaching, purificalion and prccipilalinn, liven 
lliese steps might be simplified and the purification step eliminated if more 
i"'. iflc leaching techniques or more specific precipitation techniques could be 
found lo isolate the uranium from other elements present. This is unlikely in 
1 1 ii' leaching step if Hie lixiviant is sufficiently reactive to achieve high ex tract ion. 
although alkaline leaching with carbonate comes close. 

Both the RIP and SIP processes provide the means whereby the circuit can 
I" reduced to these minimum elements since, given the proper resins, solvents 
and equipment, it seems within our reach to eliminate liquid-solid separation and 
■ l.i'.iil nation steps from the present flowsheets, This, by the way, provides another 
i o'.l advantage over Ihe associated capital and operating costs for these operations, 

we also avoid the loss of soluble uranium which would normally he present 

in the washed tailings from either thickeners or classifiers. 

Il is also possible that some of the above steps could be consolidated, again 
Willi Ihe right equipment and material. For example, a coarse resin with sufficient 
ibl i lion resistance might be added directly lo Ihe leach circuit. With a counter 
< in i ''ill flow of resin and pulp and with proper Staging, such as is now done with 

ll ■ pulps iii several RIP circuits in the USA, (lie end-products could be barren 

i ll hod pulp and loaded resin ready forehiliou. 

Some studies have been done years ago l" achieve direct precipitation of 
I hi- ii i aniuiu product from a solvent, thus combining what would normally have 
been the solvenl stripping and precipitin ion operations. These tests were not 
particularly successful since precipitation was Incomplete and too much solvenl 
■ lost. 'I his remains an interesting concept, however, and a study in sufficient 
depth could be rewarding, 

Looking lo die longer-term (it in re, and in particular 81 the problems of 

•*pl ■ uranium deposits that will require expensive deep level mining for their 

■ ploltution, an Interesting new development is in progress In South Africa. 

I in' i hambei oi Mines Research Organization has made considerable progress 
i,h sloping a metallurgical process which could he employed underground! In 
■ inctlon with o pai i milling machinery 
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The iirsi stage Iji the procen Is to oruaJi and grind the ore underground. For 

tliis the Research Orn;miz;iliun, in association with an international process 
company, is developing a mill which occupies only a fraction oil he space required 
by conventional milling machinery. It has been found that it is not necessary, 
at this point to grind the ore to the fineness required to release completely the 
gold and the uranium. 

The metallurgical concentration process carried out underground is divided 
into two phases. In the first, minerals such as pyrite and tlnicolite (containing 
significant quantities of gold and uranium) and any free gold released from the 
rock, are concentrated in two steps, firstly by flotation and secondly by the 
application of hydrocyclones. 

According to the Research Organization, more than 98% gold, 
90% uranium and 99% pyrite can, typically, be concentrated into 30-40% by 
mass of the rock fed. This means that there is a substantial reduction in the 
volume of rock which has to be hauled to the surface for treatment. 

The waste pulp which is drawn off at the top of the hydrocyclone is largely 
free of valuable minerals and is considered to be an almost ideal material to fill 
those underground areas which have been worked out. Because the flotation 
process effectively removes most of the fine particles, the waste material is 
relatively coarse and, as a result, is free-draining. Once placed in the worked-out 
stope as pulp the water drains away leaving 60 to 70% of the stope volume filled 
with rock. 

Although a number of engineering problems still have to be overcome 
it is hoped to have a demonstration plant operating underground at a scale of 
lOOt/hby 1982. 

Advantages claimed for this exciting new South African development are: 

(i) The relief of limitations on hoisting capacity, possibly permitting a 

higher rate of mining in the area serviced by a single shaft; 
(ii) Improved strata control because of the extensive use of backfill, with 
a consequent improvement in productivity and also the possible 
extraction of remnants which are currently left on reef, particularly 
in deep-level mines; 

(iii) Improved ventilation control because of the filling of worked-out areas; 

(iv) A dramatic reduction in the amount of timber required, and a con- 
sequent reduction in the risk of fires; 
(v) Revised layouts in mines to facilitate the movement of men and 

materials, with a consequent improvement in both productivity and 
communication in the mine; and 

(vi) A doubling of the grade of material received from the mine, making it 
possible for most gold mines to become uranium producers (a reverse 
leach would be desirable to overcome the effects of the flotation 
reagents in the concentrate). 
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PART II 

SELECTED EXAMPLES OF 
SPECIFIC URANIUM DEPOSITS AND OPERATIONS 



( ASli STUDIES ILLUSTRATING THE CHARACTERISTICS 
OF THE VARIOUS ORE TYPES 

The uranium deposits have been classified for this report, according to the 
Iflheme proposed by Ruzicka [1]. Although this classification was drawn up for 
i'i nlogical purposes and is based on ore genesis hypotheses, it is convenient to 
maintain a nomenclature that has become relatively common usage for summar- 
( / 1 1 1 1 ■. ore p roce ssing c h arac te ri s t ics . 

Figure 25 is adapted from Ruzicka and shows the distribution of uranium 
resources according to ore type. 



I. SANDSTONE DEPOSITS 

Epigenetie uranium mineralization in fluviatile, deltaic and other alluvial 
Ifldltfierits forms the genetic classification of sandstone- type ores. They should 
mi I be confused with sandstones or similar sediments containing syngenetically 
deposited detrita] uranium minerals which can be as different from the aspect of 
processing as from thai of ore genesis. A substantial fraction of the world's 
Uranium derives from this ore type located in the USA. Niger and Argentina also 
produce uranium concentrates from sandstone ore and deposits are known to 
OOCUr in South Africa, the Indian subcontinent, Europe and Australia. 

The mineralogy and lithology of the host rocks generally conforms to their 

■ ini'.iii, and ranges from quartz conglomerates to fine siltstones, with the sandstone 
liicics prrdoHiimiliiii', The matrix between the main quartz grain body contains 

■ lay minerals in varying amounts together with calcite and iron oxides. Induration 
varies from loose to friable, lightly cemented sand grains to quartzite but, in 
general, the sandstones exhibit a fairly high degree of porosity. However, although 
this porosity has effected a significant degree of stratigraphieal control, the 

tie posit may not be confined to a specific strata so that a particular ore lens may 
Include a variety of lilhologies, all to be mined and fed to the mill. 

Carbonaceous material from plant remains and of "kerogen'Mike charactei 
are commonly hut not ubiquitously associated with uranium mineralization. 
Pyrlte is generally presenl and ferroselite can also occur. 
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'['in- mods of mineralization resulti In i i ©I minerals typifying theii 

origin from aqueous lolutions, thru deposll beinj > ontrolled by pi I and Eh 

conditions and their composition by solubility criteria pertaining to the elemental 
i omposition of the solutions. 

From tin' aspect of ore processing this form of ore genesis lias produced 
minerals from which it is not generally difficult to take uranium into solution, 
Uraninite and eofflnite predominate in the unoxidized ores. Where aqueous 
oxidation has taken place hexavalent uranium silicates and oxides are found, but 
frequently the uranium is then fixed with vanadate and phosphate to form minerals 
si ie 1 1 as tu yam unite, carnotite and autunite. However, some uranium in these ores 
in also usually associated with organic material and with clay minerals from which 
form it is more difficult to extract. 

1,1, United States of America 

To the end of 1977 approximately 221 000 t uranium had been produced in 

I In- USA essentially from sandstone- type deposits, which still contain about one 
third of the world uranium resources (excluding the central economy countries). 
There were at one time over 950 producing mines, many quite small and only a 
lew large operations. By 1977 this declined to 180 mines with the ore being 

I 'cssed in 16 mills, with several more planned. There are three main areas: 

I I it- ( Colorado plateau, the Wyoming basins and the Texas coastal plain. These 
deposits are classified into three types as follows: 

Peneconcordant: "Trend" ores occurring in the Mesozoic sediments of the 
Uravan and Grants mineral belts of the Colorado Plateau; they are epiginetic 
■ Ii posits rounded to rectangular in shape comprising tabular ore bodies parallel to 
the paleocliannels. 

Stack deposits; Redistributed ore occurring also in the Mesozoic sediments 
nl I he Colorado plateau, particularly in the Ambrosia Lake region of the Grants 

eral belt, Epigenetic mineralization similar to penecordant but controlled 

p. 1 1 lly by fault zones giving rise to lenticular ladder like deposits. 

Roll-front deposits: Also epigenetic and in origin similar to the other two; 
they form typically crescent-shaped roll deposits with mineralization following 
I In- ii in lac I between altered and unaltered sandstones. They occur particularly 
In the Tertiary sediments of the Wyoming basins and Texas with sonic also in the 
< lolorado plateau. 

1,1,1, Grants Mineral Belt Colorado Plateau 

Mosi of the uranium In the Grants Mineral ismi occurs in the Westwatei 
Canyon Membei of the Morrison Formation The resi occurs m Hie Jackpile 
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sandstone of the Bushy Basin Member of the Morrison Formation. During 1 953 
to 1959 ore from the Todillo limestone was also treated by an alkaline I each plant 
operated by Anaconda. 

Because of the great extent of the areas involved, the number of mines and 
the variations inherent in rocks, in mill feeds are exhibited all the extremes in 
physical and chemical mineralogy from the sediments. In 1977, for example, 
Anaconda received ore from 12 sources, Kerr McGee from 37, United Nuclear 
Homestake from 25, and Sohio from 19. 

Plants currently in operation are Anaconda- Blue water (6000 t/d), Kerr McGee 
(6500 t/d). United Nuclear-Homestake (3500 t/d). Sohio-Cebollete (1 500 t/d) and 
United Nuclear-Churchrock (2700 t/d). The discovery rate of deep, unoxidized, 
trend ore has been significant during the past few years with major deposits being 
found in the Church rock, Crownpoint, east Ambrosia Lake, and Laguna areas. 

Plants in the planning stage are Gulf-Mount Taylor (4500 t/d), Phillips 
Petroleum-Nose Rock (3000 t/d) and Mobil Oil-Crown Point (3000 t/d). Drilling 
is continuing downdip from the main ore trends in an attempt to follow the 
Church rock and Crownpoint trends eastward towards Mt. Taylor. Further north, 
drilling in the vicinity of Nose Rock continues in the 1000-1300 m depth range. 
Exxon has commenced exploration on its Navajo lease in the western San Juan 
Basin. 

(a) Mineralogy 

Oxidized and unoxidized ore is mined, with the latter predominating. In the 
more typical sandstones there are two distinct types usually associated with 
prefault or postfault conditions. The first is grey, black or brown and owes its 
colour to black organic matter which has been shown to have properties similar 
to "kerogen". This material tends to coat sand grains, cover clay particles and fill 
interstices. 

The second ore type has a purplish, brown colour varying to dark grey and 
almost white. It contains less organic matter although when coloured the sand 
grains carry a thin film of brown materia] which includes cof finite. Vanadium 
minerals are frequently present in this ore both as individual minerals and as 
vanadium bearing micas and clays. 

The mineralogy of the host rocks is typical of such sedimentary materials; 
quartz pebbles and sand grains, partly or rarely wholly cemented with quartz or 
carbonate. Calcite occurs to a varying degree with montmoriilonite clays and 
chlorite.Althougli stratigraphieal controls tend to confine the mineralization to 
the cleaner sandstones there is sufficient mudstone and calcareous material to 
provide a significant tonnage of ores wi th high clay or lu'gh carbonate contents. 
These call for care in blending for mill feed and such variations have played as 
big a role as uranium mineralogy in affecting flowsheet variations. Of specific 
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als prcsi Mi coffinite, uran gan pi I uri lite are the moil 

common uranium minerals In unoxidized ores fyuyami te, carnotlte and 

ujranophana occur In oxidized ores. Pitchblende occurs tn deep unoxidized 
deposits. I >l minor importance in oxidized ore near (he surface are andersonlte, 
zlppelte, bayleyite, autunite and meta-autunito. Apart from the mam gangue 

rials vanadium, molybdenum and selenium occur as accessory minerals bin not 

generally in economically recoverable amounts. Associated minerals are 
BWamonstrosaita, pyrile, jordisite, ferroselite, and marcasite. The calcite conlent 
varies from 2 lo 5% and, as indicated above, varying amounts of clolomitic and 
bentonitic clays occur. Mining ore grade varies from 0.05 to 0.25% U 3 0„ with 
average grade to the mills of approximately 0.1 5% U 3 8 . 

(hi Comminution 

In contrast to the fine grind required for conglomerates, sandstone ores 
require only that the natural grain size be liberated and the uruniferous matrix 
material be moderately comminuted to expose the uranium minerals to the action 
ul leaching reagents. 

These characteristics have resulted in a trend towards simple open-circuit 
milling with high pulp densities in rod mills and semi-autogenous mills to achieve 
,. paration of and some scrubbing of sand grains but to minimize grinding energy. 

I lowever, Mesozoic rocks of Colorado plateau are generally more indurated 
than the Tertiary sandstones of Wyoming and Texas. Kerr McGee uses open-circuit 
i ml i ii ills, Homestake mill uses ball mills (in presence of recycled carbonate solu- 

i i) while the Anaconda, Sohio and Churchrock plants have adopted semi- 

lUtOgenous milling. The acid leach plants grind to 80% minus 35 mesh while 
i I Nuclear-Homestake grinds to 80% minus 100 mesh. 

i , I I'n; 'oncen I ration or bencficiation 

Sandstone ores consist essentially of two components - fine to coarse 
■ husiic material and a cementing matrix which contains the uranium. The fine 
.ii i" iscd nature of the uranium mineralization precludes the successful use of 
physical concentration processes. Some success has been obtained with the use of 
Rotation to separate the feed ore into high and low calcite fractions or high and 
In iv sulphide Tractions. In these instances, however, both streams still have to be 
i. iched for uranium. However, this approach has not been adopted on an 
Industrial scale in the (hauls Mineral Belt. 

For the friable sandstones, ideally an abrasive, scrubbing type of grind mi^lil 
produce a COarse sand fraction which would he sulTinrtitly kmvn lii reject. This 

ha* no! been achieved In general practice, Simple screening beneflciation has b»n 
.I i d by small mines to reduce tonnage for transportation to the mill However, 
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such treatment effects tittle saving in leaching reagents because the carbonate nnd 
other reactive gangue reports also on the fine fraction so that the value of uranium 
lost in the sand fraction is not compensated for and no advantage is gained at the 
mill itself. 



(d) Leaching 

United Nuclear Homestake use alkaline- carbon ate leaching (either atmo- 
spheric or pressure) for treating a wide variety of ores from the Grants Mineral 
Belt. When silicate- type uranium minerals are present, carbonate leaching is 
accomplished with difficulty. Oxidized uranium minerals are readily soluble in 
carbonate solutions but tetravalent minerals require intensive treatment with 
oxidation and long residence time at high temperature and pressure. All the other 
plants use acid leaching which is more effective with difficult ores, requiring 
less grinding of the ore, less leaching time and lower temperatures and providing 
more flexibility to deal with changing ore characteristics than alkaline leaching. 

Original feed can vary from 1.0 to 9.0% CaC0 3 and blending is used to 
achieve an average CaC0 3 to tire mill for economic acid leaching of between 
2.0 and 4.5% in various mills. This results in acid consumption of the order of 
40 to 60 kg/t ore. 

Heating with steam is common practice to achieve leaching temperatures of 
between 40 and 60° C depending on conditions. This particularly accelerates the 
extraction of uranium from organic material and clays. 

Roasting in an oxidizing atmosphere improves uranium extraction from 
Jack pile sandstone ores. The porosity of the ores is improved by the removal of 
carbonaceous materials, by dehydrating days and by breaking down agglomerates 
of a clay-silicate-organic nature. The result is better access of the leaching agent to 
the uranium minerals. Recovery varies from mill to mill and also appears to 
depend on grade being around 95% for 0.20% and 93% for 0.15% ore. 



(e) Solid-liquid separation 

Homestake use three stages of filtration in rotary-drum filters. Kerr McGee 
carry out a sand/slime separation in hydrocy clones. Sands are washed in five-stage 
rake classifiers wlule slimes are washed in six -stage CCD in conventional thickeners. 
Anaconda have recently introduced a seven-stage CCD circuit based on Enviroclear 
hi-rate thickeners. It would therefore appear that the presence of clay minerals in 
the ores of the Grants Mineral Belt make solid-liquid separation in both alkaline 
and acid circuits relatively difficult 



</) < 'oneentmthn purification 

The presence ol lybdenum and vanadium In theorem gives rise ton certain 

.in ii of difficulty in achieving satisfactory produd purity, Homestake huve 

in iglttei n'M ex< hange nor solvent extraction after leaching and have had in intro 
duiv roasting and water leaching of ammonium dluranate lo reduce vanadium i" 
specification limits, Kerr McGee have to increase the Organic lo-aqueousralio in 
I hr solvent extraction plant or raise the amine content when the Mo content ol 
I heir teed ore is high. Pari of the organic phase is treated in a separate Mo stripping 
i m nil to minimize tnolybdenum-amine sludge formation. 



1. 1.. 1 .. Wyoming Basin 

I ranium occurs in coarse arkosic unconsolidated sandstones of the Wind 
River Formation (Shirley Basin and Gas Hills), the Wasatch Formation (Powder 
RiVQ] Basin) and the Battle Spring Formation (northern Great Divide Basin). 
Slgnlficanl deposits have been discovered in recent years in the Fort Union 

I lation (southern Powder River Basin). The highest grade uranium ores ami 

mosl of (he resources are in roll-type deposits which are tongue-shaped in plan and 
i ii'!;iTiit-like in vertical section with uranium mineralization following the eonlael 
between oxidized and unoxidized sandstone, in 1977 Federal American treated 
6ra from 9 sources. Lucky Me-Gas Hills (9), Union Carbide (6), Western Nuclear! 5) 
I ,ucky Me-Shirley Basin ( 1 ) and liixxon (2). 

Hants currenlly operating area: Gas Hills area • Federal American (900 t/d), 
I uoky Me ( I 500 t/d). Union Carbide ( 1 1 00 t/d) and Western Nuclear ( 1 501) l/d ); 
ShMty Basin Lucky Me (1600 t/d), Getty Oil (1600 t/d), Powder River Hasin- 
Exxon (2700 l/d) and Rocky Mountain Energy (900 t/d). Recently activities 
|WV9 centred on deep underground mining, solution mining, and the planning of 
m IVY "ii- processing facilities in the central and southern part of the Powder River 
Basin where at least six deposits have been discovered. Kerr McGee plan to start 
up an I 800-t/d plant while United Nuclear/TVA are considering buihliin 1 , a 
iOOO l/d mill lo Ireat several orebodies in the southern area. It is possible thai Iwn 
■ ii llui-i- additional plants will eventually be established in the area bul liming is 

uncertain, 

fa) Mineralogy 

The mineralogy Of (he deposits also shows wide ex hemes in matrix COmpO 1 
itltion, particularly as far as clay and sill content is concerned. The minerals in the 

or tone occ i a fairly characteristic pattern arms': the width ol the roll from 

i In* unaltered sandstone to the altered sandstone, 
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The most important uranium minerals In the imOXidized Zones an- uraninite, 
pitchblende and coffinite, while uranium phosphates, silicates and hydrous oxides 
are found in the oxidized zones. In the Gas Mills area uranium generally occurs 
as earthy brown to black coatings and interstitial fillings of uraninite and coffinite. 
Autunite, met a- autunite, phosphuranylite and metatyuyamunite are the most 
common secondary minerals in the oxidized zone. Over 20 minor uranium 
minerals have been identified. In the Powder River Basin, coffinite occurs as thin 
sooty layers and spherical masses on detrital sandstone grains. 

Selenium is enriched on the convex side of the roll fronts as ferroselirate, 
while molybdenum sulphide and calcite are enriched on the convex side. Some 
deposits contain bentonitie clays. Gypsum and pyrite occur in varying amounts. 

At Shirley Basin pyrite is abundant in the ore zone. In some places, it 
replaces or is disseminated in carbonized fossil remains. Associated minerals are 
calcite, hematite and marcasite. 

Calcite occurs as cementing material but its distribution is mainly in 
relatively discrete concretionary masses within less calcareous rock. 

Phosphate is low an d,al though vanadium has been recovered from Shirley 
Basin oreJn general it is low compared to the Colorado plateau. 

Ore grades are generally in the range 0. 1 to 0. 1 5% U 3 O g . 

( b ) Co m m in u do n 

Although induration is less than the Colorado plateau ores, liberation 
characteristics and degree of grind for Wyoming sandstone ores are similar to that 
described above for tlie Grants Mineral Belt. Federal American use ball mills, 
Lucky Me-Gas Hills, Union Carbide-Gas Hills and Exxon-Powder River use open- 
circuit rod mills, while the other plants have adopted semi-autogenous milling. 
The bentonitie clay minerals can cause handling problems with wet or frozen ore, 
in Wyoming, in terms of blending, storing and milling. Gas-fired rotary kilns are 
used at some plants for the drying of ores. 

( c) Preconcert tration or ben efieia turn 

Physical separation characteristics and amenability to preconccntration are 
similar to that at Grants (above). None of the plants carry out preconcentration. 

(d) Leaching 

All the plants use acid leaching with sodium chlorate as oxidant and tempera- 
tures in the range 35— 55°C. Lucky Me-Shirley Basin uses air-agitaled pachucas 
while all the other plants employ mechanical agitators. Attempts have been 
made to treat 0.03% U 3 8 ore by in-situ and heap leaching. However, liquor 
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i' very from Irwritu iMohlnj li very po cl heap leai h piles tend lo mbI nil 

with i onsequenl low percolation rat* 

r, i Solid in/in,! separation 

Federal American, Union Carbide and Western Nuclear opted for sand/slime 
1 1., miu, n followed by ivsin-in-pulp recovery of uranium from dilute pulps (up to 
i Miinisi, ihe other plants either usa CCD in thickeners directly on the leai bed 
pulp oi for slimes washing after sand/slime separation In cyclones, The Rocky 

M in i ii tinergy-Bear Creek mill, commissioned late in 1977, was the first plant 

to Install Enviroclear thickeners for CCD. 

<l> < 'oncentrathm /purification 

I 1 1 her solvent extraction or a combination of ion-excliange and solvent 

ii n i inn (Btuex) is used for uranium recovery. No particular problems are 

IHperienced in achieving the desired product purity. 



I |,3, lexas coastal plain 

Uranium occurs mainly in the Stone's Swilch and Tordilla Sand Members n[ 
Ii Whltseti Formation (Karnes ami Live Oak Countries) and at the 1'alaugana 
Suit Dome (Duval Country). 

I enticular orebodies in both occur in elongated clusters. Grades range from 
nil.'. 11,0,, to as high as 0.5% U 3 8 , the latter being uncommon, Creaceni 
|l i|.nl mil- front alteration interlaces are present in classic form In many deposits. 
In others, oxidation has apparently distorted or dispersed upper portions of the 

face SO that only less permeable siltstpnes, claystones and lignites retain a 

llgnlliain! thickness of uranium mineralization. 

Solution mining operations currently in production an' US Steel-Clay West, 
DS Steel-Burns Ranch, Union Carbide-Palangana, Intercontinental-Pawnee and 

Wv g Minerals (Brum.), 'two new solution mining plants will be in production 

,1 !■ 1978, One conventional mine/mill is in operation (( 'onoco-l'alls City 

1000 l/d) wiili unother undei construction (Chevron-Panna Mania 18,00 t/d), 
in i 1 '// Conoco treated ore from 14 different sources, 

(ii> Mineralogy 

The Stnue's .Switch ores are line grained, silly, limey saudsPH,.-. , onlaimiii'. 
NlUlllow oxidi/r.l ,lepi,-,ib, wllilO (he Tnrilillii OfBl aie iliilv. pOOrly 1 '••inriilr,!. line 

i arse grained sandstones t ontainlng unoxiclteod oodli i 
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Uranium occurs in the Iclravalcnl slate, i.e. as eol'iinile or uraninite in 
unoxidized deposits and as uranium phosphates, silicalcs and hydrous oxides in 
oxidized ores. 

Autuniie, carnotite and tyuyamunite are the most common uranium minerals 
in the near surface ores mined by open-pit methods. 

Relatively large amounts of bentonitic clay occur in the ore mined by 
Conoco-Falls City and in deposits being exploited by solution mining. Precipitation 
of uranium is thought to have been caused by reduction with H 2 S and carbonaceous 
material is rare in south Texas sediments except in lignite beds (Jackson Group) 
and lignitic silts (Catahoule Tuff). Ores in the Conquista-Falls City area are generally 
lower in carbonate content and more amenable to acid leaching than deposits to 
the s out]] west. Small amounts of disseminated pyrite and marcasite occur, 

(b) Comminution 

Comminution is not applicable for solution mining plants. Comminution 
at Conoco-Falls City is by crushing and open-circuit rod milling with provision for 
roasting of wet ores. 

( c ) Preconcentration or beneficiatio n 

This is not applicable for solution mining plants; and not considered by Conoco 
or Chevron for the same reasons that rule out preconcentration of other US sand- 
stone ores. 

(d) Solid-liquid separation 

Agitation or solid- liquid separation equipment is not required for solution 
mining plants — Conoco leach in mechanical agitators and carry out solid- 
liquid separation in a five-stage CCD thickener circuit. 

(e) Leaching and uranium recovery 

The question of containment of leach liquors within the Well field periphery 
was a major obstacle in solution (borehole) mining, but engineering developments 
now appeaj to have overcome the problem to a large extent. Continuing 
operational control of fluids can be maintained through an effective method of 
well layout, construction and maintenance. One of the latest innovations are well 
patterns aligned to cover mineralized outlines. This offers the possibility of 
mining small, sinuous ore zones which otherwise might not be exploitable. 

In many of the known uranium- bearing formations that are being exploited 
by solution mining, a substantial part of the matrix is comprised ol enleium- 
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bearing, i Lays (o.g, smectite), One ol the n ulTei Livi llxiviants i"i uranium 

attraction from such formations is an aqueous solution <>i i ionium carbonate 

and/or hleiirhonaie. However, nnimiiiuuii 8 in I In- hsivianl exchange Willi 

i .it n ions in the clays, are retained by the clay, and bleed Into the underground 

water thus causing contamination. Also, exchanged calcium ions react with 
■ ii Inmate lixiviiinl to form insoluble calcium carbonate (caleile) which can cause 
serious plugging throughout the leach circuit, A novel technique has been 
developed by one company which overcomes both these problems to a large extent. 
i In' lixiviant used has a cationic composition essentially the same as that of the 
underground formation water, with only small concentrations of dissolved COj 
and (>,, (as an oxidant) therein. The pli of the lixiviant injected into the well is 
maintained at about 7.5 to 8.0 (i.e. at the same value as the underground 
formation water) by lime addition, in a calcium precipitator. After calcium 
removal, suspended solids are removed from the leach solution by filtration and 

I lie uranium recovered by ion-exchange. Barren solutions from ion-exchange are 
passed to a mixing tank where C0 2 is added to make up fresh lixiviant for 
Injection, together with additional oxidant, into the boreholes. No cations 

( Nl I,', or Na + ) are added to the lixiviant so that there is substantially no contami- 
nation "I underground waters. Also, since the cationic composition of the lixiviant 

II essentially the same as that of the underground formation, there is little, if any, 
■Welling of clays which can decrease the permeability of the orebodies. Finally, 
plugging due to underground precipitation of calcite is avoided. Recovery of 
UHinium is by fixed-bed ion-exchange at US Steel-Clay West, while continuous 
exchange is used at US Steel-Burns Ranch (Porter system) and at Union 

( .u bule-Palangana (modified USBM MCIX column), Conoco uses solvent extraction. 



I ' Niger - Agades basin 

Uranium occurs in the Agades basin on the western sides of the Air mountain 
range, The geological setting of the deposits is a delta system cut by a complex 
network of fluvial channels. The ores consist basically of alternate layers Of sand 
(lone and clay. The sandstones consist primarily of silica claustics and are 
relatively porous. In the case of the Arlit deposit 70—80% of the uranium occurs 
In !he sandstones and 20-30% in the clays. The deposit which supplies ore to the 
■I" ration at Arlit has reserves of 30000 t uranium in ore of average grade 
ii 25%U 3 H . 

This deposit has been mined and treated to produce yellow cake since 1971, 
TltO Somair Arlit plant was initially designed l<> produce approximately 750 t U/a 
rj sodium dluranate (approx, 70' I 1 1 ,< >g grade), Capacity has been increased in 
,l.ip"; (o approx. 1500 I in P>77 and a total of approximately 7700 t has been 

produced, 
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A second plant is now being commissioned K 'uminak-AkoUta) while two 
more plants are under consideration (Ami and Imourareii). 

The Niger government encourages a diversity of partners in developing the 
uranium industry and is engaged in joint exploration ventures with a number of 
foreign companies, including Conoco, Urangesellschaft, PNC-Japan, Esso, CEA- 
France, Pan Ocean-Canada, Agip-italy. While prospecting operations are 
continuing in the Agades basin, large areas are also now being investigated in the 
extreme north of the country (Emi-Lulu and Djado regions). 

(a) Mineralogy 

The Arlit uranium deposit mined by open pit is a mineralized zone in 
argillaceous sandstones, sandstones and micro-conglomerates. The sandstone is 
the main facies and the cementation matrix is mainly kaolinite or dickite. Pyrite 
is common as sand coatings or intergranular masses. Black, argillaceous masses 
occur and the mineralization is associated with carbonaceous matter. Some 
baryte occurs and also calcite in both sandstone and clays. However, carbonates 
are of minor importance. 

Uranium in the sandstones at Arlit occurs as pitchblende and coffinite in 
very rich samples. In medium-grade sandstones {0.2% U 3 8 ) uranium is contained 
mostly in the kaolinite or dickite cementing matrix material, withou t any definite 
mineralization with the exception of secondary carnotite. In the clays it was 
impossible to identify any differentiated uraniferous mineralization - the uranium 
is entirely bound to the clayey phyllitic phase together with organic matter. The 
clays contain substantial quantities of acid-consuming constituents such as Fe 2 3 , 
Al 2 3 ,CaO, MgO, K 2 and reducing organic materials. The sandstones contain 
less acid-consuming materials and very little organic matter. Both types of ore 
contain molybdenum and vanadium. 

( b) Comminution 

Uranium is contained in the fine matrix material in the case of the sandstones 
whereas it is distributed throughout the particle-size range in the case of the clays. 
At Arlit the ore is first crushed to minus 300 mm and then milled to a nominal 
grind of 600 pm (at which point the sandstone grains are liberated) using dry 
autogenous grinding in a cascade- type installation (drying, pneumatic classification). 

(c) Preconcentration or beneficiation 

Techniques such as attrition scrubbing, gravity concentration, notation etc., 
were tried on the Arlit ore but were found not to be applicable. Firstly, grinding 
was unable to achieve complete separation of the uraniferous kaolinite matrix 
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iKHii ti„- kinn sllli ,i grains I luii a din ardable tall i outel nel be produMd 

Sei ofldly, the i lay terial did tiol respond to phyitcal method! oi ■ o ttratlon 

and the uranium concentration remained ootututl between all lize fra< i oi 

1 1 _ i -.. material. 

ft!) Leaching 

The treatment process is the original application of a semi-dry strong acid 

process. 

Conventional acid leaching, whilst providing 97% dissolution of uranium in 
the 50 1 00 pirn size range failed to produce more than &0% uranium extraction 
in the minus 50 um range. This hitter material, however, responded to Strong 
BCid concentration (600 kg HjS0 4 /t ore) to provide an overall extraction of "<>'.'■ 
Strong acid leaching, in order to be economic, requires a much reduced liquid to 
lOlldS ratio. In the case of the Arlit plant the ore, ground to 600 fim, is preheated 
in a Louisville tube, then impregnated with 50% ll 2 S0 4 in a pellelizing drum, cured 
in a second drum for 3 h and then ground in a pebble mill before repulping with 
water to extract the solubilized uranium. The Cominak-Akouta plant uses a 
.uiiil.ii shout', acid leach process but curing is on a conveyor belt instead of a 
ml. i ling drum. 

f , ■ t Solid-liquid separation 

The sandstone and clay components have different theological properties in 
iqucous suspension. At Arlit rake classifiers are used for prior removal of the sand 
fraction to avoid overloading of the 6-stage CCD thickeners, owing to fluctuations 
in the sandstone: clay ratio in the feed. Five-stage rake classifiers are used for 
Minds washing. Solid-liquid separation at Akouta will include the use of three 
i.i) in-' area, horizontal belt, vacuum filters. Belt filters are also being considered 
foi Imouraren. 



If) f 'em entniiion/purij'ication 

The higher molybdenum content of the ore to be processed by Cominak- 
Akuuta requires a more complex solvent extraction process than that used by 
Siiniiiir-Arlil. The leach liquors contain 5-6 g/litre U 3 O a and 1-3 g/litre Mo. 
I In- solvent extraction circuit comprises extraction, selective uranium stripping 
,, .I., ,i sodium chloride solution, molybdenum si ripping using sodium carbonate 
(which Is also the means of solvent regeneration), and a final solvent washing with 

wain 



1.3, Argentina - Sierra Pin tab 
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Sandstone-type uranium deposits of economic size and grade liave been fount! 
in several provinces of Argentina. Several small operations have produced approxi- 
mately 25 to 30 t U/a since the late 1960s, the total production to end of 1977 
being approximately 450 t U as yellowcake. The largest deposits are in the 
Mendoza province where mineralization is in Cretaceous and Permian sediments 
of typically sandstone, conglomerate, siltstone facies. A small mill has operated 
for ten years at Malarque at a throughput of approximately 100 tons/d with ore 
grade of 0. 1 5 to 0.20% U 3 8 . Development exploration has proved reserves of 
10000 to 1 5 000 t uranium oxide in a grade of 0. 10 to 0.1 5% and a new mill with 
a nominal capacity of 600 t U 3 O s /a is being installed. 

(a) Mineralogy 

Most of the mineralized bodies in the Sierra Pintada district of Mendoza 
province are located in fine- to coarse-grained sandstones of abundant quartz and 
lithic fragments, well graded, and yellowish to greenish in colour. The rocks and 
ore are relatively highly indurated, with siliceous and calcareous cementation 
material. Calcium carbonate is relatively high, between 7 and 8%, and clay minerals 
make up 12 to 15%. Mineralization is as coatings and intergranular streaks and 
masses. Uranium occurs at depth as uraninite with thucolite and other asphaltic 
materials. Pyrite is associated with uranium together with other sulphides, notably 
chalcopyrite and chalcocite. In the oxidized zone uranium occurs as uranophane, 
eamotite, tyuyamunite and lesser amounts of other secondary minerals, and 
pyrite has gone to iron oxides and copper to carbonates. 

ih) Comminution 

The circuit for comminution is relatively conventional with two-stage 
crushing and closed-circuit rod milling to a nominal size of 1 00% passing 700 pm. 

(c) Preconcent ration or beneficiation 

In common with other sandstones, no method is applied at Malarque. How- 
ever, a deposit at Cosquin contains 20 to 25% calcium carbonate and both gravity 
and flotation were examined. Grade was increased from the range 0.03 to 
0.08% U 3 8 up to approximately 0.14% with up to 75% recovery and 70% 
carbonate rejection. Cat cite in the concentrate was still considered too higb for 
economic leaching with acid. 




Acid leaching is used with acidity al 0.9 to 1.0 pi I and temperature SO < 
I he i ombinatlon ol high carbonate and significant uianunn in carbonaceous 
material results In high acid consumption (approx. 140 kg/t) and low recovery 
(appro* 90 .■>. Calcination was examined but rtol considered to achieve sufficient 
[mprovemenl for the extra cost. 

A small orebody al Don Otto NearSalta has been treated by lieap leaching, 
II ic following conditions were used: 

Heaps were prepared in fixed sites, i.e. the ore was placed for leaching and 
removed after leaching. The normal leach pile contained 4000 I run-of-mine 
Ore 111 approximately 65 mm top Size. Four piles were in opera lion each 
'it iii '-. !6 iii X S.5 ni deep, laid over asphaltic paper, protected with approxi- 
mately 25 cm gravel. The leaching cycle consisted of; 

II) days "soaking"; solution of fresh acid pH 0.8, 

approximately 140 litres/t 
I 50 days leaching; recycle solution pi I 1.2, 40 litres/t 
Total acid consumption was 1 5 kg/i; and recovery 50 to 60%. 

The ore handled well on to the piles but broke down during leaching causing 
llgnlficanl blinding. 

i> i Solid 'liquid separation 

I lie plant at Malarque uses one stage of primary thickening and two stages 
..I filtration, 

it> ( 'oncen {.ration /purification 

Conventional amine solvent extraction is used and no particular problems are 
i ni ountered. 

At Don Olio Ilk* liquor was originally precipitated with lime and the crude 
M. i n Irate despatched to Malargue. However, a small fixed-bed ion-exchange 
plant has been installed to produce yellowcake. 



2, QUARTZ-PEBBLE CONGLOMERATES 

Uranium-bearing, pyrilic, quartz-pebble conglomerates similar in lithologieal 

md general mineralogy have been found In Canada, South Africa, Australia ami 
Brazil, These deposits are restricted m geological time to the period following 
the develo] m ol an extensive acid crust, but preceding the developmenl ol an 
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oxidizing atmosphere. The uranium host rock genu rally consists of quartz pebbles 
in a quartzite matrix with pyrite and minor silicates. The uranium mineralization 
which is associated with the fine matrix is mostly found in the older (Proterozoic) 
strata. 

Two of these occurrences — in Canada and South Africa — have provided 
and will continue to provide a significant fraction of the world's uranium supply. 
The South African deposits were among the first low-grade ores commercially 
exploited, coming into production at the beginning of the 1950s. The Canadian 
deposits have been extensively worked from the mid-1 950s. Geologically they arc 
placed under a common classification which for the exploration geologist and 
mining engineer is a most valid and useful classification. 

Indeed, also the general mineralogy is such that they are both treated using 
the acid leach process. However, the detailed uranium mineralogy is significantly 
different so that the conditions for leaching also are different. 

2.1. Canada: Elliot Lake - Agnew Lake District 

Ore deposits occur at the base of the Matinends Formation on the limbs of a 
large folded structure which consists of the Quirk e Lake syncline and the 
Chiblow anticline. A major feature is the remarkable uniformity and continuity 
of the ore- bearing rocks over large areas. The Elliot Lake deposits are not as deep 
as the Witwatersrand deposits and their uranium grade is six times higher. 

During the late 1950s there were eleven mills processing between 30000 and 
35 000 t/d of this general type of ore with a feed grade between 0. 10 and 
0.15% U 3 8 . 

Expansion plans by Denison and Rio Algom will result in a considerable 
increase in tonnage treated in the Elliot Lake District. Denison plans to expand 
their 6400 t/d mill to arround 1 0900 t/d by 1982, the additional ore coming from 
reactivation of the Stanrock mine. A subsequent expansion is possible to increase 
the plant to about 13600 t/d by 1985. Rio Algom are currently expanding their 
mill to about 6350 t/d. A second phase expansion will include reactivation of the 
Panel mill (3000 t/d, starting up 1979) and the Preston Mines - Stanleigh mill 
(4500 t/d, start-up 1983/84). 

(a) Mineralogy 

Typically the host rock is a quartz-pebble conglomerate with generally well- 
rounded pebbles ranging from 150 mm to gravel size. The rock is solidified by a 
hard crystalline quartzitic matrix. In addition there are some silicates such as 
chlorite, serieite, and felspar. The pebble to matrix is approximately 2:1. 
Mineralization is mainly within the matrix and consists of pyrite with minor 
amounts of apatite, ilmenite, zircon, rutile and ieucoxene. The principle uranium 
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minora! Is bmnnerite with Isu aninltc and mlnot amounts oi uranotliortte 

thueollte i offinita and gummite, Monazite Is relatively plentiful. 

(Ill i 'oinmiiiiuioii 

Bsaause 0i the quartette matrix breakage occurs across the pebbles so that, 
unlike sandstone deposits, uranii'erous eonglomerales require grinding of both 
the barren pebbles and the uranii'erous matrix material, and separation of the 
pebbles from the matrix for selective grinding of the latter is not possible. All 
the existing mills in the Elliot Lake area use crushing and two-stage grinding in 
i losed circuit with classification (rod and pebble mills). The size of the solids fed 
to the leach is generally 80%' minus 85 mesh (50% minus 200 mesh). Autogenous 
mills (with pebble ports) are being considered for Stanleigh. 

(c) Preconcentration or beneficiation 

Lor pebble nulling about 5% of the ore is scalped out for media at 
82.5 mm + 50 mm. Power consumption in pebble mills is about 14 kWh/t. 
The amenability of a large number of preconcentration techniques was 
Investigated by Rio Algom who found that only radiometric sorting, heavy media 
separation and flotation offered any potential at all. Only coarse ore could be 
rfidiometrically sorted and even then a relatively low ratio of concentration was 
achieved. The application of flotation and heavy media separation selectively 
in overed acid-consuming minerals with the uranium and a discardable tailing 
Could not be produced. None of the plants in the Elliot Lake area uses preconcen- 
Ital inn or radiometric sorting. 

f(/J Leaching 

Typical conditions for leaching to achieve 90 to 95% recovery are 
•.inn mari/cd as follows: 

The neutral slurry is thickened and filtered to achieve a slurry concentration 
■ »l between 70 and 75% by weight of solids (S.G. of ore is 2.7). 

Acid addition: Approximately 35 kg H 3 S0 4 /t ore to maintain approximately 
IN free aeid. 

Temperature: Steam is injected to achieve 70 to 75°C. 

Time: Minimum 40 h but can be up to 96 h. 

Oxidant The quantity varies from (til to B little. Sodium chlorate has been 

used 
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The main feature is the relatively agressivc condition required iti lin- leaching 
process. In this feature the Blind River ores could be typified as brannerite ore 
(rather than "conglomerate" ore). The high free acidity required throughout the 
leaching time, the temperature and to some extent the time of leaching are 
characteristic of the conditions required to open up brannerite and uranothorite. 

However, the actual consumption of acid by the ore itself during the leaching 
operation is only about 17 to 20 kg/t ore reflecting the good fortune to have few 
reactive gangue minerals associated with the brannerite. Dyke material (and the 
underlying chlorite schist) are to be avoided since their inclusion in the mill feed 
results in excessive acid consumption in the leach. 

By leaching at as high a concentration of solids as possible the remainder of 
the acid, required in order to maintain the acid concentration at approximately IN, 
can be kept to a minimum (also here about 1 7 to 20 kg/t ore). These circum- 
stances mean that there is little economic margin available for beneficiation 
processes, unless they achieved dramatic improvements in grade with very little 
loss of uranium. 

In an effort to utilize the excess remaining acid, two-stage leaching has been 
used. However, there is debate as to whether any real savings in cost are achieved 
when the extra operating procedures are accounted for, particularly when leaching 
can be done using such high concentrations of solids in the slurry (70 to 75%), 

The presence of a substantial amount of pyrite indicates a good prospect 
for bacteria] and "autogenous" leaching. Both techniques have been investigated 
for application to these ores. High-temperature, pressure leaching with oxygen 
was demonstrated in the laboratory and could have significant advantages, particu- 
larly if a relatively good supply of acid from other sources was not available. 

Bacterial assisted in-situ leaching of hroken ore in underground s topes is now 
being carried out on a large scale at Kerr Addison's Agnew Lake mine. This 
approach has proved feasible because the ore body is confined between impervious 
rock layers, dips 70 degrees from the horizontal and is highly fractured with all 
the uranium mineralization restricted to the fracture surfaces. 



(e) Solid-liquid separation 

Denison employ a sand/slime split using by drocy clones. Slimes are washed in 
a 3-stage CCD circuit using conventional thickeners. Sands are washed by a 
2-stage rotary-drum vacuum filtration circuit. Rio Algom-Quirke have a 4-stage 
cyclone sand relief circuit- washed sands join washed slimes from a 6-stage CCD 
circuit using Enviroclear thickeners, at the neutralization pachucas prior to tailings 
disposal. 
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(f) ( 'oncGntratlon I purification 

I'iM'd-bcil iun-uxchauge on clarified Icarh liquOIS is used by DetliSOn, 
Rio Algom-Quirke and Rio Algom Panel. Continuous ion-exchange is used by 
Kerr Addison-Agnew Lake and is being considered by Stanlcigh. 

There are significant quantities of thorium and lantbanons in the liquors. 
These elements are associated with the uranium minerals in a number of minor 
heavy minerals and are at least in part taken into solution by the relatively aggres- 
sive leaching conditions. Thus, the following analyses are reproduced from 
Uranium in Canada |2]: 
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These elements can cause some problems in the subsequent treatment by 
being extracted in small but significant proportions with the uranium and causing 
Specifications to be exceeded for these elements. However, there is also an oppor- 
tunity for economic by-product recovery which was practised for a time by at 
least two Canadian plants. 

Other less significant features, but characteristic of the mineralogy, is the 
presence of polythionates and "ionic" silica in solution as a result of the attack on 
the sulphides and minor soluble silicates. These caused resin poisoning problem:, 
believed to be aggravated when chloride elution was used. 

2.2, South Africa: Witwatersrand, Orange Free State Goidfields 

Important concentrations of uranium minerals occur in four continuous 
i'i i imbrian systems, namely the Dominion Reef, Witwatersrand, Ventersdorp 
mid Transvaal, of which the two first named are important because of their 
relatively large uranium content. The uranium untile is ^em-rally about one sixtlt 
id that of the Llliot Lake conglomerates anil lln deposits air rinphretl at much 

grcatoi depth, 
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conglomerates In the basal ie< mtu) ci the Dominion Reel Group has 

Indicated large deposits o! uranium varying In grade from 250 to 1250 ppm u 3 O s , 
bui associated gold values arc low ami m> decisions have to date been taken to 
exploit these deposits. 

(a) Mineralogy 

These deposits comprise a sequence of clastic sediments interfered with 
volcanics. Enclosed in the clastic sediments are conglomerates composing 
arkose and quartzite interbedded with silt and slightly metamorphosed. 

In parts the conglomerates are thick and robust being similar in appearance 
to those of Elliot Lake, whereas elsewhere the conglomerate bands g.ve way to 

thin beds of grit 

Uraninite occurs in the reefs as minute crystals, usually less than 0.08 mm 
across, and shows signs of rounding. The degree of roundness varies from angular 
to well-rounded. The tendency is for uraninite in reefs high up in the Witwaters- 
r.md succession to have a higher degree of roundness. In many samples the 
Individual uraninite grains have been altered to such an extent by corrosion during 
metamorphism that little can be seen of their original shapes. Secondary urammte 
sometimes encloses and replaces primary uraninite grains, and is in many places 
a prominent constituent of the Bird Reefs in the West Rand and Klerksdorp areas. 
Almost all uraninite grains contain minute spots and veinlets of galena in which 
the lead is mainly of radiogenic origin. 

A variety of pebbles occur in the conglomerate reefs. Those of vein-quartz 
predominate and may be glassy white, mottled grey, black or opalescent blue in 
i i dour Pebbles of quartzite, black and 'green banded chert, red jasper and quartz 
porphyry are well represented, pebbles consisting of tourmalinised rocks, and slaty 
or schistose types, are rare. The matrix consists predominantly of quartz, of sand 
i e , with varying amounts of pyrite and other sulphides. Heavy minerals are 
represented by chromite, zircon and leucoxene. 

The leucoxene is frequently uraniferous and investigations have shown that 
this is due to admixtures with brannerite. Brannerite is a minor but frequent 
l arrier of uranium and is considered to account for much of the uranium in leach 

tailings. 

Apart from gold and uranium, other valuable constituents occurring in 
minute traces are iridosmine and osmiridium. Phyllosilicates are present in the 

, of muscovite,pyrophylliteand chlorite. Carbon (thueholite) is notable in 

lome of the conglomerates and occurs as granules of about 2 mm m diameter or 
loss, and as scams that are composed of slender carbon columns arranged perpen- 
dicularly to the contacts of the seams. Such seams, which may be up to 

l ■ thick, often mark the lower beddingplanes ..It he so-called carbon-seam 

reel's in the Wesl Rand Klerksdorp and Odendaalsms areas. 
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FIG.26. Established procedures for the reco very of uranium, gold and pyrite fron 

Witwatersmnd ores. 



Some forms of carbon contain abundant inclusions of uranimte, and often 
also of pyrite and gold. The enclosed uranium may not respond to conventional 
ore-processing techniques and this results in significant losses to plant residues. 

(b) Processing flowsheets 

The economy of processing these ores can be considered in context of three 
economic minerals, gold (which predominates), uranium and pyrite. A great deal 
Of research has been done to examine various alternative routes for the whole ore 
processing to optimize the overall result. This work has resulted in developing a 
number of variations which have become established where tire economics are 
appropriate. James (1975 [3]) illustrated the main overall established procedures 
and Fig, 26 is taken from his paper. 

(c) Comminution 

The original plants all used a feed material derived from the cyanidation 
process lor gold recovery, either by recovering tailings from dumps or taking 
the gold plant residues directly. The only pretreatment consisted of a "neutral" 
lil I ration and washing, to remove as much of the residual alkaline, lime/cyanide 
reagents as possible before acid leaching. Except for one of the above illustrated 
routes, grinding is controlled for the gold cyanidation processes. The sizing of 
the ground ore is nominally 70% minus 74 ^m and is generally finer than necessary 
lor uranium only. 
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Since separation of pebble and matrix material oannol be aohieved at an 

early stage oJ oo inution, the Blinding ,,i both these eongl erate components 

to a maximum degree, consistent with economic operation, is usually accomplished 
using rod, pebble and ball mills. In view of the large tonnages involved and the 
economies of scale that are attainable, autogenous milling has proved particularly 
applicable in the milting of South African ores. The development of an effective 
centrifugal mill holds out some promise for the installation of mills underground. 
Mined ore would then be pumped to the surface for processing, thus obviating the 
present intermittent ore-hoisting cycle. 

id) Preconcentmtion or beneficiation 

Screening of crushed products has proved effective in producing an enriched 
stream due to the more friable nature of some conglomerate matrix material. On 
one plant screening at 1 cm results in 67% gold and 60% of the uranium reporting 
in the fine fraction which constitutes 30% of the feed mass. The high-grade 
portion contains more of the thucholite, phyllosilicates and clays and benefits 
from additional grinding. The realization that pyrite is liberated at a relatively 
coarse grind has led to the introduction of flotation after a first stage of milling 
at some plants. Both the pyrite concentrate and the flotation tailings are further 
ground (to 90% minus 44 ^m and 60% minus 74 urn, respectively). Both streams 
are then processed using a reverse leach procedure (acid leach for uranium 
followed by cyanidation for gold). This procedure considerably increased the 
effective capacity of the plants concerned. The association of uranium with 
carbonaceous material (thucholite) suggests the application of flotation to concen- 
trate the uranium and this procedure has been very effectively applied by Anglo 
American Corporation on the East Rand (Ergo) and in the OFS (Joint Metallur- 
gical Scheme-President Brand) to recover sulphur, gold and uranium from cyanide 
residue dumps containing, on average, as little as 0.53 g gold/t residue, 0.04 kg U/t, 
and 1 . 04% sulphur; 90% of the sulphur is recovered together with 70% of the 
uranium and between 70 and 90% of the residual gold. The relatively complex 
interrelated process flowsheets which have thus evolved are shown in Fig 27 (from 
Ruhmenetal. 1977 [4[). 

Wet lugh-in tensity magnetic separation (WHIMS) is being tested on cyanide 
residues having low uranium grades to effect the recovery of some 50% of the gold 
H a concentrate comprising some 1 0% of the feed mass. 

(e) Leaching 

The ore is leached in pacllUCas for approximately 4K h in a slurry of 60 to 

65% by wekdii or solids at 55 to 65°C A. Id ts added by conductivity oontrolto 
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iiKiini.Mii S (/litre free fti tdlty (ap idmirtely i n compared witli I N fur Blind 

Rlvei i srlte), Crude pyrolus'ite la ground and idded as the oxidant. 

The acid-leaching process recovers 80 u> H5% of the U-,0„. However, ii should 
I., remembered thai this is From a Feed containing only 0,025% U 3 O a so thai the 
final tail is only aboul 0,002%. 

Basically all the uranium is recovered from the uraninite and the uranium in 
lailings reflects the presence of a small proportion of refractory minerals. Recovery 
has been increased in experimental work to the 90 to 95% range using more aggres- 
sive conditions such as pressure leaching and the "Felix", high ferric iron and 
ucitl leach. 

With reference to the alternatives shown in Fig. 18, in most of the earlier 
uranium plants acid leaching followed cyanidation (procedure I), mainly because 
I Ins involved no change in the existing gold circuits. Prior acid leaching 
( procedure II) improves the subsequent extraction of gold. For some ores prior 
Flotation (procedure III) can be used to produce a concentrate containing up to 
10% of (he gold, 80% of the pyrite and 25% of the uranium in less than 10% of 
I lir mass of the original ore. Because of the very small mass of this concentrate it 
can be milled very finely and treated intensively to yield very high recoveries of 
gold and uranium. The overall advantage is a saving in milling costs for the bulk 
nl the ore. At other mines there is a size split of the crushed ore (procedure IV), 
which results in a fine fraction (approximately 30% of the original mass of ore) 
thai contains two thirds of the gold and more than half the uranium. This fine 
fraction is given an intensive treatment again with overall savings. 

f f) Solid-liquid separation 

The separation of liquids and solids prior to concentration and purification 
Inis usually involved the use of stainless-steel rotary-drum filters followed by 
. Ii iwnflow sand-bed clarification. The application of countereurrent thickening 
aided by flocculating agents (Blyvoomitzicht), or the use of horizontal belt 
vacuum filters (Randfontein), are two recently introduced alternatives that are 
ii. i w generally preferred to rotary-drum filters in the design of new plants. 

{ i; ) ( 'oncen tra Hon /purification 

Fixed-bed ion-exchange was initially employed to absorb uranium from 
solution with a later move being made towards the use of solvent extraction 
tl'iulex process). Although solvent extraction required a more expensive 
■ l.i i ii icalion system for the leach solution, it brought about economies in reagent 

sumption and produced a purer product, In the pre- re verse-leach era, solvent 

extraction also avoided the frequent resin replacement found lo lie necessary in 

the fixed-bed Ion-exchange process owing t" cobalt-cyanide poisoning, In recent 



132 



13 



j i .,!.. the development oi the NIMGIX continuous upllow fMdizeoVbed ion- 
exchange contractor lias had a major impact on the choice of recovery flowsheets. 
The NIMt'lX .system has been applied on an industrial scale in combination witli 
CCD at Blyvooruitzieht and has been adopted in combination with horizontal belt 
tilers for the new plants at Stilfontein and Merriespruit A Himsley continuous 
ion-exchange system will be included in the new Vaal Reefs South plant. To 
dale only strong base resin circuits involving elution with 10% sulphuric acid and 
final purification of the eluate in a small solvent extraction plant have teen used. 
(Eluex, Bufflex). A practice not followed anywhere else is the transportation of 
ADU slurry in road tankers from ail the uranium plants to a central drying, 
calcining and packaging facility operated by the Nuclear Fuels Corporation of 
S.A. (Nufcor). 

3. VEIN-TYPE DEPOSITS 

Epigenetic low- and high-temperature hydro thermal deposition and redistribu- 
tion of uranium into the cavities of host rocks has generally been considered to 
lead to the formation of so-called vein deposits. The source of the first uranium 
mined, these forms of deposits have continued to supply a modest proportion of 
yelloweake to the market. However, the discoveries of uranium in such deposits 
over the past ten to fifteen years in Australia and Canada have increased the known 
reserves to place them in the position of the second largest potential source. 

Vein deposits are generally considered to be controlled in their formation 
by structural rather than chemical characteristics of the host rock. Characteristi- 
cally the deposits contain significant coarse-grained to massive chunks of uraninite 
usually described as pitchblende in this form - together with uraninite more 
finely dispersed within the rock matrix. 

The pitchblende is typically low in thorium. In keeping with the hydrothermal 
Origin some deposits have associated with the uranium a complex assemblage of 
metal sulphides containing copper, nickel and cobalt in economic amounts together 
with iron sulphides. However, other deposits can be almost free of metal sulphides 
(such as the Alligator river ores of Australia). 

Uraninite is the dominant source of uranium in the unoxidized zone. However, 
trace to minor amounts of complex uraniferous titauiferous oxide material have 
been shown to be present in Canadian, Australian and European ores. Various 
"secondary" hexavalent uranium m in ends are found above the water table. 

Although the mineralization is not confined to a particular rock type, in 
keeping with the expected structural environment it is not uncommon to find it 
associated with hreecialcd material and argillaceous, schislosic metamorphic rock 
with quartz and mica as major matrix minerals or alteration products, particularly 

ehioriiic. Haematite is common and calcite can be signil t but Isnol always 

present 
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.t.l. Canada northern Saskatchewan 

A recent review (McMillan 1977 ) summarizes this deposit, and this report 
Ini'j ailupiud I his subdivision of "classical" vein deposits and "unconformity" vein 
deposits in Canada. 

,1.1,1. ( tissual vein deposits 

The Port Radium deposit was the first worked for significant production of 
ura i limn as (he main product, and continues to have a small production of uranium 
and silver from the Contact Lake Mine. However, most present-day production is 
from I lie Ueaverlodge area: the Ace-Fay -Verna deposits; the Bolger, Nicholson 
ami Martin Lake deposits, and the Gunnar deposit. 

The Ace-Fay-Verna deposits occur mainly in the footwall of the southeast 
dipping St. Louis fault. Breccia ore occurs in zones ranging from 0.3—1.5 m thick 
while vein-type ore is found within 90 m of the fault. These deposits have a strike 
|i rtgth of more than 4500 m and are known to a depth of 1650 m. The Gunnar 
deposil is pipe shaped and plunges about 45° south for 670 m having a maximum 
diameter of 135 m. The deposit is located close to Zoemel and St. Mary's channel 
I, mil 

The Port Radium mine, which produced silver and radium in the 1930s,is of 
historical interest. The major constituent of the ore was uranium but had no use 
at that lime and was discarded. In 1942 Eldorado re-opened the mine for the 
recovery of uranium. Eldorado Nuclear have been producing uranium in the 
Ueaverlodge area since the early 1950s. The Beaverlodge mill was expanded in 
1957 to 2000 t/d of ore and has undergone several modifications to its flowsheet. 
Currently, the treatment rate is 900 t/d with plans to increase production to 
1630 l/d by 1979. Eldorado are exploring several prospects near to its Beaverlodge 
property and at least two will be further developed. Nearby, in joint venture with 
PN( ' Japan, Eldorado are assessing some 500 anomalies found by airborne radio- 
mil lie surveys carried out in 1973, 

t,i) Mineralogy 

Uranium occurs mainly as pitchblende. The Gunnar deposit also contains 
minor uranopliane, particularly in the deeper levels of the mine. 

Mosl of the ores have relatively simple mineralogical characteristics, the 
pitchblende being associated with calcite, quartz and minor pyrite. The Bolger, 
Nicholson and Martin Lake ores, however, are complex and commonly also contain 
cupper sulphides, cohall-niekel sulpharsenides, silver, gold and selenides. The 
1 ■ :n me coniuins i)unrf/„ chlorite, kaolinite, chacopyrite, pyrite and galena. 

( torbonate mi ranges from 5 8% in the feed to the Eldorado-Beaverlodge plant. 
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(b) Comminution 

The ore is extremely hard with a Bond work index of about 20. The run 
of mine ore is crushed underground to minus 1 5 cm. The coarse ore is ground 
in a double-compartment semi-autogenous mill which operates in closed circuit 
with a cyclone and classifier in series. The latter, in turn, operates in closed circuit 
with two ball mills. The classifier overflow is about 25% solids and 75% minus 
200 mesh. Plant solution, containing 100 g/litre of dissolved carbonate and sulpha It 
salts, is used in the milling circuit. 

(c) Preconcentration or beneficiation 

About 9 t/d pyrite concentrate is produced by flotation. The ore contains 
about 0.3% sulphur, which would consume over 3 kg sodium carbonate/kg sulphur. 
Four banks of eight flotation cells are used for roughing and for cleaning. 
Four cells are used for cleaning. 

(d) Leaching 

The sulphide concentrate is thickened, filtered to remove carbonate solution 
and acid leached for uranium in air-agitated pachucas using sodium chlorate as 
oxidant. The leached slurry is filtered twice and the uranium precipitated as a 
crude magnesium diuranate which is added to the carbonate leaching circuit. 
Flotation tailings are thickened to 55% solids and leached for uranium with 
sodium carbonate-bicarbonate solutions in pachucas that have been fitted with 
mechanical agitators. Retention time is four days (four banks of six pachucas) 
for a uranium dissolution of 92%. Oxidant is added in the form of pure 2 from 
an oxygen plant. Leach temperature is 90 C C. 

(e) Solid-liquid separation 

After cooling the leached pulp to 65°C in pulp-to-pulp heat exchangers, 
pregnant solution is recovered in a two-stage filtration circuit utilizing rotary 
drum vacuum (string) filters. 

(f) Concentration/purification 

The filtered leach liquor is concentrated in a two-stage evaporation circuit, 
termed steam stripping. About 50% of the sodium bicarbonate is destroyed in 
the steam stripper, the balance is removed by calcium hydroxide addition. A 
thick CaC0 3 slurry is recovered in a Lamella thickener and returned to the 
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i wbonata li ai h i In till Sodium dluranats li prei Ipttated dlrei tly from die 
clarified pregnant solution. 

8,1,2, "Unconformity" rein deposits 

These are those deposits worthy of separate summary description as given 
hi the following paragraphs. 



duff Lake 

Drilling has identified three orebodies at Cluff Lake within 5 km of each 
Other i in tiu' son ill end of the Carswell circular structure. The D orebody consists 
Of a flfltish cigar-shaped zone 140 in long by 25 m wide. Average grade is 5 10' h 
U,()„ Willi porl inns assaying up to 65% U ; ,0 H . The N orebody is about 1200 m 
long., I 20 200 in wide and 50 150 in deep and is located in a zone of alternating 
hands of gneiss. The Claude orebody is 600 m long, 200 m wide and 90 in deep 
.mi I Is located entirely within basement rocks. The grade of the N am! Claude 
orebodies is about 0,5-1.0% U 3 O b . 

Aniok-C'luli' Lake plans to start mining the D orebody in late 1979. The 
null will process only 80 t/d of ore but produce 1500 t U/a, After 1982 the mill 
will lie expanded to treat much larger tonnages of ore from the Claude and N 
"I- bodies, to maintain I he same uranium production rate. 

(a) Mineralogy 

Uranium minerals in the D orebody are uraninite and pitchblende and 
i nil mile occurs along shear zones, with the highest concentration near the 
Intersection of faults, in the Claude orebody uraninite and coH'inite are found 
in Hal lying .shears in tpiartzite gneiss. 

( Jqld is an accessory mineral in the D orebody (0.5 to 1,0 oz/t) which also 

tains small amounts of selenium, cobalt, bisuuilh, lead, and various selenides 

in. I tellurldes. All three orebodies contain varying amounts of pyiilc, galena. 
pyiThotite and chalcopyrite, Garnet, marcasite, cordierile and silliiniiiilc is found 
in I lie N and Claude orebodies. 

</>) Comminution 

'flu' degree of i ointninulion reiphred is 80% minus -IN im-::li i '•",<)■ ;, mum:, 

85 sh). This will be achieved by crushing and single-stage rod milling In dosed 

■ hi mi wiiii classifiers 
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(<■) ftrconccntralion or hviirficlatUm 

Gravity concentration is possible on the D orebody to produce a concentrate 
with a uranium concentration of 45% U 3 8 . 

(d) Leaching 

Acid leaching will be used in mechanical agitators at 45— 55°C with sodium 
chlorate addition. Pulp density will be 60—70% solids decreasing sharply as 
uranium dissolution occurs. 

(e) Solid-liquid separation 

Two stages of horizontal belt filters will be used for solid-liquid separation. 
No classification is envisaged. 

(f) Co ncentratio n jpurifica tion 

Uranium will be precipitated directly from the acid leach liquors as magnesium 
diuranate, without prior concentration or purification by ion-exchange or solvent 
extraction. 



Rabbit Lake 

The Gulf deposit is located in the Wollaston Fold Belt on the up-thrown side 
of the low-angle Rabbit Lake fault, which has thrust basement rocks over the 
Athabasca Formation. The orebody occurs as fracture and breccia fillings of 
massive pitchblende and is wholly within a zone of chlorite -quartz -dolomite 
alteration. The relatively small, high-grade core is surrounded by a mantle of 
lower grade material. Average grade is 0.30% to 0.40% U s O e . 

The Gulf-Uranerz open-pit operation at Rabbit Lake achieved full capacity 
(1 800 t/d) late in 1 976. The mine and mill are operated on a seven -day-week, 
two 12-hour shift basis. Workers are flown out on alternate weeks to their 
permanent homes in several northern Saskatchewan communities as far south 
as Saskatoon, Of the total work-force of 260 employees, some 1 00 are on site 
at any one time. Exploration has continued in the Rabbit Lake area and reports 
are that four additional deposits have been discovered recently. 
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(a) Mtneratog} 

Mum urn u pitchblende, camotlte and uranophane. The mam ganglia 

tralet are haematite, calclte.doloniite.vughy quartz, chlorite and day minerals 

Mmui ,in i\ ol pyrite, chalcopyrite and galena occur in small quantities, 

(hi Comminution 

I lie ore Is ground in two stages In an autogenous mill followed by a ball 
mill in closed circuil with cyclones, 

til I'rccon cen trillion or benefichition 

I'icconceiUratioii is not used but I rucks from the pit are monitored radio 
metrically and the ore, which tends to be erratic in grade, is blended prior to 
milling 

td) leaching 

The cyclone overflow passes directly to the acid leach circuit which operates 
Hi .i i>nlp density of 55% solids. Thus, there is no preleach dewatering stage as 
; n.H used in the Elliot Lake area. 

f f ) Solid-liquid separation 

The leached pulp reports to a six-stage CCD conventional thickener circuit, 
The Underflow density achieved is 50% solids. The overflow contains 75 ppm 
Kjllds and passes first to a thickener for primary clarification. This thickemi is 
Jjtposcd to the weather and has a submerged overflow weir to ensure thai ice ami 
flouting slime are not passed onto the second clarification stage which comprises 
ilnwnl'low clari tiers. 

< f) ( bncen tratlon jimrification 

Uranium recovery is by solvent extraction, an ammonium sulphate strip 
.mil a lonia precipitation. 

Key Lake 

The two orebodies discovered i>v Uranerz In the Wollastor) fold bell are 
i.,. uted within a relatively lour, northeast treanding fault /one dipping stei ply 
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northwest, The Gaertner orebody is 1500 m long with ;i vertical thickness 
between s few metres ami 80 m and a width of 10 40 m. The grade ranges up 
to 45% U 3 8 and 45% Ni. The Dcilmann orebody is 800 m long, 10-100 m wide 
and up to 70 m in vertical thickness. Drilling is still continuing On both deposits. 

The recent discovery by Uranerz of two major deposits at Kay Lake has 
stimulated a rush of exploration activity along the eastern limit of the Athabasca 
outcrop area and several more discoveries have resulted. In February 1978 
NUMAC-Esso announced a major discovery at Midwest Lake which is reported 
to extend 850 m parallel to a substructure in the Basement rock. This discovery 
has given exploration geologists a new and deeper target area. 

(a) Mineralogy 

Mineralization occurs in fault and fracture zones affecting the upper 
Athabasca sandstone and the metasedhnents of the Wollaston fold belt and the 
cover is of glacial origin. The lithology of the country rocks consists of quartzites, 
chlorite sericite schist, graphite schist, biotite gneiss and pegmatitic material 
beneath glacial sand and gravel. 

However, the mineralization is massive and rich with almost no gangue 
mineral in the ore zone. Grades of up to 45% U 3 O s and 45% nickel and many 
metres thick are reported for the Gaertner orebody and up to 20% U 3 O s and 
25% nickel for the Deckmann orebody. 

Uranium minerals are pitchblende and coffinite. Two distinct types of 
pitchblende have been identified. Type 1 is characterized by its radiating texture 
and high reflectivity. Type II is synonymous with sooty pitchblende and is often 
characterized by shrinkage cracks and is generally intensively inter-grown witli 
the nickel phases. 

Nickel occurs as gersdorffite, millerite and niccolite, with bravoite as an 
accessory. Pyrite, sphalerite, chalcopyrite and galena occur in minor amounts. 

(b) Treatment aspects 

No information is yet available on any proposed treatment techniques. 

3.2. Australia - Alligator Rivers Uranium Province 

There are four different proprietory interests who have announced discoveries 
of substantial reserves for future mining and treatment. Their deposits are distri- 
buted along an approximately rectangular area, running northeast to southwest 
for a length of approximately 100 km and a width of 30 km. One deposit 
(Jabiluka) lies approximately in the centre of the NE-SW line, about 2° longitude 
and 135 km due east of Darwin. 
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i in' total proven reserves "I Hie province ul prenenl exceed 130 000 t UjO|, 
in ores whose grades are all 1 1 ossified as high gradi si i hi as economic grades nr 
con ildered (greater than 0. 1 5%), and some additional reserves are present In lower 
grade material (less Hum 0.1%). 

hi- > r > i i n ■ mineralization is confined to the formation in the lower Proterozoic 

now known as iiieCahill formation, considered equivalenl to the Koolpin and 

' lolden Dyke formations. The mineralogy of the host rocks is thai associated willi 
I he following typical sequence, and their surface weathering products, Muscovite- 
• hi, ii iie schists; carbonaceous (graphitic) schists; quartz-chlorite schists; breccias 
mi minor dolomites and cherts. Primary uranium mineralization is essentially 
Uranlnite, However, minor amounts of refractory minerals occur to a more or less 
degree and weathering lias resulted in the number of secondary minerals in Ihe 
rlBRl sin lace material. The following are more specific descriptions of the deposits. 

1,2,1, Naharlek 

This is the most northern deposit and part of the lease of Queensland Mines 
I. Id, The initial design capacity of I he mill will be 190 t/d of ore (900 I U/a). 

m i Mineralogy 

Seel ions of almost pure pitchblende occur (72% U) in irregular lenses wilh 
Intersections to one metre thickness. Smaller pods of massive mineral and high- 
grade material occur in a more extensive body of lower-grade mineralization. The 

' ' Ivc high grade is intimately associated with the siliceous gangue minerals 
in wlnrh mica and chlorite predominate, The pitchblende Is characteristically 
In I i'i leaved with mica flakes, forming a continuous body with the segregated 
mineral. 

In lower-grade primary mineralization, pitchblende is fine grained, and 
Mi re (ire indications of colloform supergene material. Chlorite is a dominant 

ue mineral with some haematite and sericite. Sulphides are minor minerals 

1 1' I than 0.5%), No gold occurs in this ore. 

In the oxidized or weathered zone, which extends from 5 to 15 in in depth, 

dary uranium minerals predominate and kaolinite occurs with quartz, 

ri vite and chlorite. The uraniferous minerals consisl of curite, sklodowskile, 

inlln-ilnnhk- and traces of kaso lite, with uraninite appearing as the unoxidiy.cd 
■' • Is approached, 

In both primary and secondary ore, there are small amounts of unnamed 
refractory uranium titanium minerals and uranium Silicate minerals ami some 
nlferous zircon, The average grade of this orebody, with a cutoff al 0.1%, 

|| approximately 2.4% I) ,O n ciml: if appmxinialcly ')'»(]!) I II ,( >„ and wilh 
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cutoffat 2.0% the bra would still contain approximately 8250 1 U.,o„ al en average 
grade of 9.3%. 

(b) Comminution 

Comminution will be by crushing to minus 13 mm primary rod milling and 
secondary ball milling to produce a feed to leaching at a grind of minus 50% minus 
200 mesh. 

(c) Preconcentration or beneficiation 

The nature of the Nabarlek ore offers the option of using gravity concen- 
tration to recover a significant proportion of pitchblende in a low mass fraction 
exceeding 50% U 3 O g in grade. Although the tailings so produced will he relatively 
high grade such an approach is attractive in that it could generate an early cash- 
flow. This option however is not proposed to be used. 



3.2.2. Ranger (Jabiru) 

Ranger Uranium Mines have proposed mining two OTebodies of approximately 
equal size. One is located near the surface and will be mined by open-pit methods. 
The other is somewhat deeper and part will be mined by underground methods. 
The initial design capacity of the mill will be 4000 t/d ore (2500 t U/a). 

The cutoff figure, suggested for mining to ore stockpiles, is 0.05% U 3 O a 
and at this figure the minable reserves are estimated to be 20 000 000 t ore with 
average grade of 0.25% U 3 8 from the number one orebody and 23 000 000 t at 
0.22% from number three orebody. Lower-grade material will be mined to 
stockpile. 

(a) Mineralogy 

Some high-grade intersections have been encountered, but in general the 
mineralogy is more similar to the lower-grade primary ore at Nabarlek. However, 
the gangue from the host rock contains less muscovite and more predominance of 
chlorite and quartz. The weathered- la teri tic material contains much kaolinite 
but it is a relatively small proportion of the total ore. Economic amounts of gold 
have not been reported. 
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(h) < btnmtnuitaft 

Tlie ore will be Crushed I" 20 nun and g ml in a mil mill ami i losed 

circuit ball mill to a nominal 50% minus m /urn Pre* i miration lias not been 

i onsldered applicable! 



I ! I Jabiluka 

l';i n eon Linen tal discovered Jabiluka One in late 1971 while Jabiluka Two 
Was identified in 1973. The two orebodies together represent the largest known 
uranium deposit in the world. There has been speculation that the two orebodies 
will eventually be connected as additional holes are drilled. Mining will be by 
Open-pil methods. 

The large orebody has geological reserves of 204 000 t U 3 O g . The mining 
plan proposed for the two orebodies is estimated to produce 36 000000 t ore 
wiili an average grade of 0.44% U 3 O s using a cutoff of 0.05%. There is an estimate! 
530000 I ore containing 50 g/t gold. Initial design capacity of the mill will be 
i MX) t/d of ore (2500 t U/a). 

(n) Mineralogy 

The mineralogy is described in the recently released environmental study 
i follows, Uraninite and pitchblende essentially constitute all of the uranium 
mineralization at Jabiluka. 

Mineralization is contained in the following series of host rocks: 

The upper graphite series which are described a.s the graphite schists, 
clilorife graphite breccia and dolomite. 

The main mine series,described as graphite schists, quartz-muscovite 
Chlorite schists; chlorite schists (plus or minus graphite); cherts; dolomites; 
.'irliisl breccias. 

The lower mine series 1 , described as quartz, muscovite chlorite schists. 

The lower mine series 2, described as chlorite schist (plus or minus graphih-i 
Chlorite feldspar schist; schist breccias and dolomite. 

This host rock series is more or less typical throughout this province. Some 
ul the series are reported to contain minor amounts of sulphide, I lie graphite 
•a' 1 1 is I in particular containing up to 5% pyrite. 

However, the average grade of sulphide is much lower and more similar to 
thai reported for Nabarlek. Higher-grade intersections have alsn been encountered 
iii this orebody, and gold lisi been detected In relatively high*grade concentrations 
in p. ii I of Ihe orebodies 
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(b) Comminution 

A conventional circuit. The crushed ore will be -25 mm and ground ore 
50% minus 74 jam. Pre con cent ration is not being considered. 



3.2.4. Prosposed treatment routes 

For the three orehodies - Jabiru, .Jabiluka, Nabarlek 
summarizes the treatments proposed and their features: 

(a) Leaching 



- the following 





Jabiru 


Jabiluka 


Nabarlek 


Pulp density (% solids) 


55 


56 


55 


Acid consumption (kg/t) 


50 


45-50 


90 


Pyrolusite oxidant (kg/t) 


5-6 


5-6 


10 


Temperature (°C) 




35 


40-50 


Time <h) 


24 


36 


36 


PH 




1.8 


1.5 






Presumably the highei acid surnpi i d fai tin p ary Nabarlek 

ore, compared with the acid consumption proposed toi the Jabiru and Jabiluka 
ores, Is due to a combination of the requirement foi additional add and oxidant 
in order to attack the much higher-grade mftSSiVe uinninik',and the sensitivity of 
Hie silicates in the primary ore to the acid conditions. It was calculated that a 
temperature of 45°C, proposed for treating Nabarlek, would be Teached naturally, 
hy the energy used in comminution, combined with the heat of dilution of the 
concentrated acid and of course the tropical environmental temperature. It is 
interesting to note, therefore, that the proposal for Jabiluka indicates that steam 
injection will be used to maintain a temperature of 35°C, 

An interesting feature of the leaching of the Jabiru and Nabarlek ores is 
the relatively high tailings which test work indicates will result. Thus, leaching 
recovery from Jabiru is not expected to better 90%, and some work suggests it 
may be less, with tailings of 0.03 to 0.04% U 3 O a . From Nabarlek the leaching 
will result in recoveries of 95— 98% because of the high grade nature of the ore, 
but tailings of around 0.05 to 0.1% U 3 O s are expected. The above feature of these 
ores compares with a similar feature observed from the South Alligator River ores 
which were treated in the 1950s and the 1960s. Work on this problem has revealed 
that there is a proportion of uranium distributed ubiquitously in the light silicate 
minerals and a proportion of heavy refractory minerals, where uranium is combined 
with titanium and phosphate and a uranium silicate mineral. Some uraniferous 
zircon was also detected. 

It is interesting to note that the final tailings from Jabiru could contain 
approximately 20 000 t U 3 O s , a resource of some magnitude. 



Although the leaching of these ores is relatively straightforward, con- 
siderable care is required to decide the best combination of pH, temperature 
and time of leaching, in order to optimize the consumption of acid against 
recovery of the uranium. The reactivity of the mica and chlorites in particular 
is quite sensitive to pH, within the range used for dissolution of uraninite. The 
Nabarlek secondary ore, containing mainly secondary minerals, cannot satis- 
factorily be leached at pH 2.0. In that ore the highly reactive silicates have 
already been weathered and leaching at pH 1.0, although not the optimum, would 
still only have resulted in an acid consumption of 75 to 78 kg/t. However, for the 
primary Nabarlek pH 1.0 proved most expensive, so faT as acid consumption was 
concerned, reaching 200 kg/t after 15 h compared with 80-90 kg/t at pH 1.5 
between 20 and 24 h. Satisfactory extraction could be obtained from the primary 
ore from pH 1 .5. This was chosen as the most satisfactory compromise for 
treating the mixture of both ores. 



(h) Solid-liquid separation 

The Theological properties are such that conventional leach pachucas 
may be used for leaching and continuous counter-current washing in thickeners 
(CCD) for solid-liquid separation. 



(c) Concentration/purification 

Tire high grade of the Alligator Rivers ores will result in pregnant solutions 
with uranium concentrations as much as 10 times (at Nabarlek) higher than is 
usual in uranium ore processing practice. Solvent extraction using tertiary amine 
solvent is favoured for uranium recovery and purification, Pre-acidification of the 
amine is required under such condillons, hi ■ inisi .-I the high uranium tenor of the 

pregnani solution 
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4. GRANITIC DEPOSITS 

Uranium mineral dispersed in low-grade concentrations through granitic 
rock rather analogous to the so-called porphyry copper deposits. Crocker Well 
in Australia in which brannerite is dispersed in granite has been the subject of 
study but the major deposit of interest is that at Rossing. 



4.1. Namibia (South West Africa): Rossing 

The Rossing deposit is situated along the northern limb of a complex 
synclinorium in the central portion of the Damaran orogenic belt. The bulk of 
the uranium mineralization is obtained in alaskite that is preferentially em placed 
in the heavily folded gneisses, schists, marbles and limestones of the Khan and 
Rossing Formations. 

The Rossing deposit in South West Africa is the world's first low-grade, 
disseminated uranium occurrence in granitic rocks to reach commercial develop- 
ment. The investigation of the deposit by Rio Tinto, during the period 1 966-1973, 
proved the existence of a large low-grade deposit amenable to low-cost open-pit 
mining methods and relatively simple metallurgical processing techniques. Con- 
struction of the mine and mill facilities began in late 1974 and the plant was 
commissioned during 1976/77. 

The success of the Rossing venture has stimulated exploration groups world- 
wide to look for similar massive, granitic, uranium deposits. In northeastern 
Brazil disseminated uranium mineralization has been found in granites and biotite 
schists in the Serido geosyncline. In the USA, exploration efforts are under way 
in the potential granitic districts of Montana, Idaho, Wyoming and Colorado, 
While a major discovery has not been made, evaluation results are encouraging. 

(a) Mineralogy 

Uraninite is the dominant primary uranium mineral in the Rossing deposit. 
It is included in quartz, feldspar and biotite, but also occurs inters titially to these 
minerals or along cracks within them. A minor proportion of the uranium is con- 
tained in betafite. The primary uranium minerals, uraninite and betafite, gave 
rise to secondary minerals that are usually bright yellow. These occur in situ, 
replacing the original uraninite grains, or commonly along cracks as thin films or 
occasional discrete crystals. Beta-uranophane is the most abundant of the secondary 
uranium minerals. (Primary uranium minerals in the Brazil granites are uraninite 
and urano-thorianite. Among the secondary minerals the most abundant is beta- 
uranophane. Meta-autonite, metatorbernite and francolite are also present). 
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Alaskite it :i granitic rock c po n d almoil entirely ol quartz and potassium 

feldspar. Zircon) calcite and apatite are relatively widespread while tnonazlte, 
pyrite, chalcopyrite, bomite, molybdenite) arienopyrite and fiuoriiu are often 
observed. The oxides magnetite, haematite, and ilmcnite are occasionally 
encountered. Betafite has a high niobium and titanium content and contains 
small amounts of tantalum and tungsten. 

(Ii) Comminution 

In spite of the generally small grain size of the uraninite (100-300 mesh) it 
is only necessary to grind to minus 6 mesh. The uraninite is accessible to leaching 
at a much coarser grind than the expected liberation size because in many instances 
it occurs within cracks, in the quartz and feldspar, along which leach solutions 
can penetrate. Conventional crushing and open-circuit rod mill grinding is prac- 
tise! at Rossing. 

(c) Preconcentration or ben eficiatio n 

Because of the variable nature of the ore, investigations are under way at 
Rossing to introduce the use of scintillometers for monitoring trucks as a 
means of rejecting waste that is unavoidably introduced during mining. 

(d) Leaching 

Both primary and secondary uranium minerals are leached relatively easily 
at a surprisingly coarse grind for the reason mentioned above. Leaching is also 
Facilitated by the fact that the alaskite is somewhat porous and fairly extensively 
Cracked and that uranium occurs between flakes of biotite and chlorite that are 
eiisily exposed during grinding. Betafite is a highly refractory mineral and not 
amenable to conventional acid leaching. Acid leaching in mechanical agitators 
Is employed a1 Rossing. Pulp density is > 75% solids and temperature 45-50°C. 
Manganese dioxide is added as oxidant and the pH is closely controlled using 
electrodeless conductivity probes. Careful attention is paid to the calcite contenl 
Of l hi' Iced to the plant to ensure optimum acid consumption levels in the leach. 

(<•) Sotid/liqutd separation 

A sand/slime separation is first carried out in hydrocyclones. Sands are 
washed in a Iwo-slage couiitereurrent circuit using Rotoscoops. Slimes are washed 
in ,i ('CD circuit based oil conventional thickeners. The original CCI) circuit of 

three Btages is being converted to a five stage circuit to Improve the overall eff'i- 
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ciency of uranium recovery. Weathering nl' (he feldspar lias given rise to the 
presence of clay minerals such as montmorillonile. During crushing, the clay- 
mineral fraction almost immediately becomes slime. Normally the proportion 
of clayey material in the feed is such that it helps to keep the coarser material 
in suspension in the leach and does not interfere in the CCD circuit. When present 
in abnormally high concentrations it lias a detrimental effect on these operations 
and its content in the feed therefore has to be carefully controlled. 

(f) Concentration/purification 



Mill nil', fit G I . ■ 1 1 1 1 1 1 j ■ l»p| |C)| niliales were 

produced containing approximately 2 n 1 '.'■ 1 1 ,< ) t wiih wiry oJ approximately 

84%. This represented a very consldi rabli roji i Hon ol material prior to the applica- 
tion of a leaching process, Unfortunately ahinr.1 il the apatite was reported in 

the uranium concentrate and was the majoi mineral together with significant 
amounts of biotite. Selective removal of biotite, as a first stage of flotation, is 
;i method suggested for controlling this mineral, but no method could be found 
for separating or depressing the apatite, tiowever, it is believed that satisfactory 
leaching procedures could be developed for this high-grade concentrate. 



Uranium is recovered at Ross in g from the un clarified pregnant solution 
by an Eluex/Bufflex circuit comprising continuous ion-exchange (Porter system) 
and solvent extraction (conventional mixer-settlers). Ammonium diuranate is 
calcinated in a multiple hearth roaster. 

4.2. Australia — Crocker Well 



5. PFGMATITES, CARBONATITES AND SYENITES 

One significant economic deposit of pegmatite type occurs in Canada and 
a minor quantity of uranium has been located in carbonatites in Africa and India 
and in syenite in Greenland. 



Situated close to the old Radium Hill mine in South Australia this deposit 
has been subject to study intermittently since the mid 1950s. However, there 
are difficulties establishing adequate reserves and mining has never proceeded. 

It is reviewed here because of the notable success with flotation demonstrated 
in experimental work on laboratory and pilot scale and because the orebody is 
again the subject of exploration study. 

(a) Mineralogy 

The uranium occurs as brannerite, described in early mineralogical reports 
as the absite form of brannerite. It occurs in brecciated granatoid rocks, the 
associated gangue being quartz, biotite, apatite and rutile. Although selective 
sampling produced samples containing 0.1% U s O B the average grade of the ore is 
low, approximately 0.04% and some form of beneficiation is recognized as being 
required in order to leach the refractory brannerite. 

(b) Treatment characteristics 

Flotation was very effective in concentrating the brannerite from the 
Crocker Well ore. Like cassiterite, brannerite is brittle and tends to slime when 
grinding, but release of the mineral in the case was sufficiently complete at 350 fim 
to treat the ground ore and achieve good recoveries. 

Flotation was effected with mixtures of sulphonated whale oil, linseed fatty 
acids, diesel fuel oil and cresylic acid, reagents similar to those used to treat Radium 



5.1. Canada — Pegmatites Bancroft 

Uranium deposits in the Bancroft area, southeastern Ontario, Canada, occur 
in pegmatitic granite dykes in a region of rnctamorphic and metasomatic rocks. 
By comparison with many other pegmatitic occurrences some of the Bancroft 
orebodies are unusually large, persistent in depth and relatively rich in uranium 
minerals. 

Several mines and mills were in production in the Bancroft area at one time 
but production ceased in 1974. Production has again started with the recent 
reopening of the Faraday mine. 

Madawaska Mines completed rehabilitation of the Faraday mine and mill 
in August 1976. Full capacity of 1360 t/d of ore has now been reached. In 
addition to the Faraday deposit a number of smaller deposits, some amenable 
to open-pit mining, could possibly be exploited by the establishment of a central 
custom treatment plant. 

The Bancroft area is currently attracting the interest of several companies 
exploring for uranium including Imperial Oil, Inco, Kerr Addison and Madawaska 
Mines. 

(<i) Mineralogy 

Uranium is present as itraninile and itrauoltiorile as disseminated, discrete 
crystals within (he pegmatite M Iirl.ihte, iillnnilc, /.irvnii, and fergUSOrtite 

occur. Sinus ot the presence ot ijriillzation include haematite staining, an 
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abundance of ferromagnesian minerals and the presence of magnetite. Uranium 
grade is in the range 0.05—0.10% U 3 O g . 

( b) Comm in u tion 

Conventional crushing and two-stage grinding in closed circuit with rake 
classifiers is practised by Madawaska. Rod and pebble mil!s produce a leach 
feed with a grind of 80% minus 1 00 mesh. No sorting or pre con cent ration is 
practised. 

(c) Leaching 

Acid leaching is conducted in air-agitated pachucas at ambient temperature 
and a pulp density of 65% solids. Sodium chlorate is added as oxidant. De watering 
in thickeners prior to leach. 38 hours residence time. 

(d) Solid-liquid separation 

Two-stage rotary drum vacuum filters (string discharge type). Clarification 
is by rotary drum precost filter and pressure sand elarifiers. 

( e) Concen trationlpurification 

Fixed-bed ion-exchange using strong-base resin and sodium chloride elution. 
Uranium is precipitated as magnesium diuranate directly from the eluate. 



5.2. South Africa — Carbonatites — Phalaborwa 

The Phalaborwa Complex in the northern Transvaal, South Africa, consists 
of pyroxenite, syenite and a centrally located core of transgressive carbonatite 
which is surrounded by a serpentine (olivine-magnetite-apatite) rock to which the 
name phoscorite has been given. Small concentrations of uranium and thorium 
occur in the phoscorite and carbonatite. 

Copper, apatite and vermiculite are mined on a large scale by the Palabora 
Mining Company (PMC) and by Foskor using open-pit methods. 

Uranium has been recovered by PMC since 1971 as a byproduct from a 
heavy-minerals gravity concentrate produced from the copper-concentrator 
tailings. 
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(a) Mtnantlogy 

I loppei ot curs principally as chalcopyrlte, n to, ohilcooltft, cubanito 

and vallerilte also occur. Uranium and thorium are present In unHiOthorianite. 
Baddeleyite (zirconium oxide) is also present In small amounts; 

(b) Commlnutidn 

I mnminution of the run-of-mine ore to about 50% minus 200 mesh is 
adequate to liberate the copper sulphides for flotation. The flotation tailings, 
from which the uranothorianite is ultimately recovered, are not ground any fineT. 

(c) Preponcentrattoft or beneficiation 

The tailings from the copper concentration, after desliming in hydro-separators 
removal of magnetite and further desliming in hydro-cyclones, are subjected to 
gravity concentration in Reichert cones to give a 40-50 fold concentration of 
heavy-minerals fraction. This gravity concentrate is fed to shaking tables, where 
separation of a uranothorianite concentrate from the other heavy minerals is 
,u linvcil 

(d) Leaching 

The uranothorianite concentrate is leached with hot nitric acid resulting 
in dissolution of both the uranium and the thorium but not the zirconium oxide. 
Fumes (oxides of nitrogen) from the leach are scrubbed with ammonium 
hydroxide. 

(<■) Solid-liquid separation 

The hot leach pulp is filtered on tilting-pan vacuum filters. The un clarified 
pregnant liquor is settled and then clarified in a centrifuge before being fed to 
1 1 it ; t 1 1 vent extraction plant. 

(f) Concentration/ purification 

I Ii anium and some thorium are extracted with 10% TB-P in a six-stage mixer- 
settler bank. The loaded solvent is led to a four-stage unit where traces of thorium 
are scrubbed out with pure many I nitrate solution. Uranium is then stripped with 
warm waier in an eight-stage nmi and precipitated u And with ammonia, 
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5.3. Greenland Syenites Uimaussaq 

Uranium and thorium mineralization is found at Kvanefjeld in the northern 
part of the Ilimaussaq intrusion near Narsaaq in South Greenland. The Ilimassaq 
intrusion is composed of an old series of syenites and granites and a younger 
layered series of nepheline syenites. Uranium and thorium mineralizations are 
found in the latter, close to and within contact zones between sheets of lujavrite 
and altered volcanic cover rocks. 

The Pilanesberg intrusive complex near Rustenburg, Transvaal, South Africa, 
was emplaced at the contact between the mafic and acid phases of the Bushveld 
Igneous Complex. Uranium, thorium and rare-earths occur in tuffs while uranium, 
niobium and other minerals are associated with foyaites. 

Studies on the extraction of uranium from the ore at Kvanefjeld have been 
made over a number of years and a small pilot plant is being operated at the Ristf> 
Research Establishment in Denmark. 

Laboratory studies have been undertaken on the Pilanesberg tuffs and foyaites 
but results are not encouraging. 

fa) Mineralogy 

An important part of the uranium and thorium in the Kvanefjeld lujavrite 
is contained in steenstrupine, monazite and pigmentary material. Uranium grade 
isof the order of 300 ppm U 3 8 . The niobium, uranium and barium that are 
present in the PUanesberg foyaites occur in pyrochlore and allanite. Pyrochlore 
fills veinlets and intergranular spaces, where it is mixed in a highly complex manner 
with zircon, pyrophanite and titanite, 

(b) Treatment 

There is no specific proposal on the treatment. However, the uranium in 
the Kvanefjeld ore is trapped in refractory minerals and the only approach that 
has appeared promising to date is the use of a sulphating roasting technique. 



6. URANIFEROUS SHALES 

There are a number of extensive but low to very low grade deposits of 
shales. Three such deposits are summarized here. 
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ft. I. Egypt uiuii.im 

Uraniferous shales eh:inick'ri/,ud bj th< !"■ I >l I layi 0CB1M in the Lown 

Sandy, Middle Clayey and Upper Formation ol e i ■ • 1 1 i jual I Formation in the 

northern pari of the Western Desert of Egypt. 

I tavelopments are at the early stage of exploration. Some metallurgical 
test work has been published. 

(u) Mineralogy 

Uranium is associated with humic organic matter and is very low grade 
MHH%U 3 O s ). 

Oilier minerals are dolomite, calcite, gypsum, haematite, goethite, quartz 
land, native sulphur, sericite, montmorillonite and soluble salts. 

(I>) Comminution 

Grinding to minus 10 mesh is usually adequate. 

(c) Preconcentra tio n or ben eficla tio n 

Laboratory-scale magnetic separation yielded slight concentration of U 
ami Fo 3 3 . Tabling proved ineffective and separation of uranium, gypsum, 
Carbonate and iron oxide components is unlikely by physical means. 

(•I) Leaching and uranium recovery 

Since uranium is present in the hexavalent state.both acid and alkali 
lixiviants are effective. However, stoichiometric additions of Na 2 C0 3 are 
i iquired to react with the gypsum. The presence of clays can be expected tp 
complicate pulp agitation, decantation and thickening. 

6.2. Sweden — Ranstad 

Large, low-grade uranium deposits occur in bituminous shales which comprise 
part of a series of sediments belonging to the upper Cambrian ore. 

A small uranium mill was pul Into Operation al Ranstad in 1965. Shortly 
afterwards the plaW was shul down bill the facilities have since been used for pilot- 
planl development work, in I'm LKAB took over the facilities and have under- 
taken a detailed feasibility study foi n mine and null in recover 1 500 t U/a. 
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Although I he economics appeared favourable at current world prices of uranium 
the project was vetoed by local authorities, Lalesl plans Tor Ranstad include a 
link-up between Boliden and LKAB to recover as many minerals as possible. 
Possible co-products include Al, K, Mg, P, S, U, V, Mo and Ni. The shale 
also has fuel potential. Mining companies are now intensifying their uranium 
exploration efforts for uraniferous shales in northern Sweden. 

(a) Mineralogy 

Uranium is associated with organic material. Grade is between 0.025 and 
0.033% U 3 8 . Shale is fine grained and consists mainly of quartz, illite and 
feldspars. Some 22% comprises organic matter and another 13% consists of 
pyrite. 

(b) Comminution 

Primary crushing is underground. Coarse float product from heavy media 
separation is screened out and comminuted in a hammer-mill. 

(c) Preeoncentration or beneficiation 

Heavy media separation is used to reject limestone. 

(d) Leaching and uranium recovery 

Minus 2 mm crushed product is mixed with H 3 S0 4 in curing drums prior 
to stockpiling. Oxidation and bacteria initiate leaching which is continued in 
vats to give a leach period of six days. Acid consumption is 60 kg/t shale. 

The coarse product obviates settling and filtration problems. 

Leach liquor is filtered and uranium extraction accomplished using a tertiary 
amine followed by sodium carbonate, or ammonium sulphate stripping. Yellow- 
cake precipitation using sodium hydroxide. 



6.3. USA — Chattanooga 

Chattanooga shale formations are generally around 10 m thick and consist 
of the Gassaway (upper) and Dowellton (lower) members. Their total uranium 
content has been estimated to be more than 10 X 10 6 t U 3 O g at an average 
concentration of about 40 ppm U 3 O g . 
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A paper exceroise was done iii Mil IV30 In i labllsl nt of a 20 QQO t/d 

operation bul the economics was nol fnvournbli il Lhel lime In view of the higher 

uranium prices now prevailing,Mountaln States Mineral Enter] es of Tucson, 

Aii/.iiiui.iuive recently been contracted by the Grand (unction office of the US 

Department Of Energy to undertake win k thai will help determine the technical, 
lOOnomiC and environmental feasibility of large-scale uranium production from 
Chattanooga shale. 

(a) Mineralogy 

Some 80% of the uranium in the Top Black shale is associated with organic 
mailer. Silicate, aluminium, iron and sulphur minerals are present in substantial 
amounts. 

(h) Comminution 

Primary jaw crushers, secondary gyratory and tertiary hydrocone crushers 
followed by dry-rod milling were proposed. 

(<•} Pre treatment 

Roasting generally enhances subsequent leaching by increasing the porosity 
Of the shale. 

( d) Leaching and uranium recov cry 

Countercurrent leaching using H 2 S0 4 at 90° C (maintained by sparged steam). 
A recovery of 70% of the uranium is envisaged. 

Pressure filtration is envisaged as being necessary owing to poor settling 
characteristics. 

Leach solution is proposed to pass through a sand filter prior to processing 
in a SX plant using N-benzyl amine and stripping with sodium carbonate solution. 



7. URANIFEROUS LIGNITES 

Niihslantial deposits of urafli lOntalnlng lignites OCCUT in several places 

in the United States of Ameiii i 
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7.1. USA: Dakota, Montana, Wyoming 

Uraniferous coal-type deposits appear generally to be restricted to a single 
scam, usually the highest of the local sequence with access to overlying source 
material, or at least connected with it by means of permeable strata. Some 
examples include 1.5 m thick seams in the Fort Union formations in 
South Dakota, beds of between 0.3 and 2.4 m thickness in Montana and uranium- 
bearing coal in the Red Desert area of Wyoming, USA. 

For several years uranium was recovered from North Dakota lignites. The 
average feed grade was 4.2 kg/t U 3 O g and 35% moisture; molybdenum content 
was in the range 2.5 to 10.0 kg/t and was a significant contribution to the 
favourable economies. The drying and calcination of the raw material produced i 
an ash of which a typical assay was 6.8 kg/t V 3 8 and was amenable to direct 
treatment in acid leach facilities when diluted with conventional uranium ore 
pulp. Direct processing of either the lignite or the ash alone was unsuccessful 
owing to the high organic contamination which rendered the solution unsuitable 
for the subsequent solvent extraction process. Uranium recovery in the calcination 
step was typically 93%. A typical calcination flowsheet is shown in Fig. 28. 

Although the subject of bench and pilot-scale studies, commercial processing 
of coals has been restricted to the addition of uraniferous lignite ash to conven- 
tional sandstone feed material as at Susquehanna-Weston. Uraniferous lignites 
require special handling and extraction technology and processing costs are not 
competitive with those for similar grade ore in existing uranium production areas. 
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in) Mln&ralog) 

No .simple correlation exists between n m it'i tin n i ontenl and any 

single petrographic component. Soul 1 1 Dakota lampios Hi hesi In uranium 
generally contain large amounts of attri in I humk- mailer. In North Dakota 
visible uraniurn minerals'are normally limited to semi-lustrous material in the 
weathered surface zone and to narrow vitrain bands in the richest portions of 
I In- deposits. Phosphate types are the most common. Among these, meta- 
aul unite, sabugalite, and saleeite have been positively identified. The lignite 
may also contain yellow-green jarosite stains, which can be mistaken for uranium 
[itinera I i/.at ion. 

In South Dakota the higher-grade lignite beds contain molybdenum as 
jordisite and ilsemanite. In North Dakota the predominant gangue minerals 
.iii- quartz, unidentified clay minerals, jarosite, limonite, pyrite, calcite and 
gypsum. Analcite spheroids, found in many of the South Dakota deposits, are 
characteristically absent. Concretions composed primarily of gypsum, iron 
pyrite and fragments of lignite occur in at least two unweathered deposits. No 
relationship has been observed between these minerals and the amount of uranium, 
i rreen iron-molybdenum minerals, one of which has been identified as ferromolyb- 
ilenile, occur in intimate association with secondary uranium minerals in several 
Ol I lie higher-grade deposits. Lime content normally diminished inward from 
I he lignite outcrop and appears to bear no consistent relationship to the amount 
of uranium. 



(h) Comminution 

Apart from crushing to effect a coal-shale separation, further liberation of 
I he uranium-containing material is best accomplished by roasting and/or combustion 
Of Ihe carbonaceous material. 

(c} Pre concentration or beneficiation 

Assuming that the uranium is entirely contained in the coaly material then 
Ooal-washirtg processes such as jigging, dense media separation and flotation would 

apply. 

(d) Leaching and uranium rtcovm v 

The possibilities Include (l)Leacl it il and (2) leaching an ash 

produi i 
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In (he latter case,both acid (I-USO4) antl alkaline (Na 3 C0 2 -I- NaHCO,) leach 
processes have been investigated. 

The presence of organic material causes the pulp to become gelatinous during 
leaching. Sodium bicarbonate additions in the presence of organic material cause 
foam formation. 

Acid-leach liquors generally contain high levels of ferric iron thus precluding 
the use of alkyl phosphate solvents without a prior solution reduction stage. 
Organic material can be removed by using activated carbon (which can, in turn, 
be eluted using NaOH solution). 



8. CALCRETES 

8.1. Australia — Yeelirrie 

The Yeelirrie uranium deposit in Western Australia occurs in sediments 
comprising sand, clay and calcrete in the Yilgarn Block, 65 km southeast of 
Wiluna. It is confined to a NNW-SSE-trending channel way which parallels 
green-stone belts in the region. There are undoubtedly other areas in the world 
where the favourable geology and climatic conditions needed to form calcrete-type 
uranium deposits are likely to have existed. Such deposits have reportedly been 
discovered in the Somalia Republic and in Namibia (South West Africa). 

Western Mining announced their Yeelirrie discovery in 1972 and have 
conducted intensive investigations on the development of a process to treat the 
calcrete ore. Recently they announced plans to build a pilot plant to confirm 
design parameters and operating characteristics for a full-scale plant. The esti- 
mated cost of the programme, together with concurrent environmental studies 
and other development work, is around Aust. $13 million. The construction of 
a 2500-3000 t U plant by 1980/81 is envisaged by Western Mining. 

(a) Mineralogy 

Uranium mineralization exists over a strike length of 45 km and an average 
width of 3 km. Precipitation of porous limestone (calcrete) has modified the 
original sand and clay stream-channel fill to varying depths and uranium occurs 
as thin coatings of carnotite in cavities and voids in the calcrete. The uranium 
grade varies, but the average for the whole deposit is approximately 0.15% U 3 B . 

The gangue and host rock consists principally of quartz, dolomite, calcite, 
chert and felspar with localized occurrences of gypsum, celestite, and clays. 
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(f>) ( 'ommtnution 

The ore will probably be crushed in impaol cruihew toaboul minus 20 mm 

then dried and roasted in rolary kilns. The rOftBtflfJ 0M will be quenched iii a 
spiral classifier and the underflow fed In the grinding circuit, which will probably 
consist of rod and ball mills in series, grinding the ore to 80% minus 48 mesh, 

(c) fretreatment 

Considerable attention will be paid to selectively mining and blending to 
produce a uniform feed material to the plant with as constant a head-grade as 
possible. The deposit is extremely shallow and occurs in roughly horizontal 
layers. Mining will probably be with scrapers and bulldozer-rippers. Once the 
overburden has been removed the exposed orebody will be closely drilled and 
rudiometrically sampled before mining. The trucks from the mine will be moni- 
tor ed radiometrically to allow graded stockpiles to be prepared, 

id) Leaching 

The high calcite content of the ore precludes any consideration of acid 
leaching. Alkaline leaching with sodium carbonate and bicarbonate solutions 
will be used. 

if) Solid-liquid separation 

The main metallurgical problem is reportedly the poor solid-liquid character- 
istics of the leached pulp, owing to the clays present in the ore. Test work has 
shown that low-temperature roasting of the ore before leaching results in the 
destruction of the clay lattice by dehydration and leads to improved solid-liquid 
separation. A technique using pelletization followed by percolation leaching 
has been described that could also be applicable to solving this problem. 

if) Concentration/purification 

No information has been published on the recovery circuit. Clearly the presenc 
of vanadium (in the carnotite mineral) will have strong influence on the choice of 
process. Possibilities are direct precipitation of a crude yellowcake containing about 
5% vanadium (that would have to be treated prior to acceptance by refineries) or 
the use of continuous ion-exchange columns for separation of uranium and vana- 
dium, in which case a high-purity yellowcake could be produced directly from the 
eiuate, However, it is believed llml Hie k.r.il wain supply may be too high in 

chloride to permit lon-exchanga recovery 
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9, URANIUM Kl.COVKRY I' ROM UNCONVENTIONAL SOURCES 
9.1. Copper leach liquors 

Some United States mine operators have measured 1 to 12 ppm U 3 B in 
copper dump leaching solutions; with recirculation these latter concentrations 
may be increased to 40 ppm U 3 O s . It is interesting to note that the US Bureau 
of Mines have on record a cement copper assay of 3100 ppm U 3 O s . Until 
recently there was little effort made to recover uranium from this source. At 
present one commercial recovery plant is being commissioned in the USA, and 
test work is under way at other locations. 

The process for recovering uranium from copper dump solutions involves 
passing leach liquors, discharged from the copper cementation stage, through 
ion-exchange units. When the resin becomes loaded with uranium it is eluated 
with strong sulphuric acid, and the elution liquor is processed in a solvent 
extraction circuit. The uranium from the concentrated solvent extraction strip 
liquor is precipitated as yellowcake. It is anticipated that the operating costs 
to extract uranium from copper dump leach liquors will be over US $ 50/kg of 
U 3 6 recovered. 

Recently in a similar application at a United States location, test work and 
preliminary engineering studies were made on an Eluex/Bufflex process to 
recover the uranium in clarified solutions from leaching of oxide ores. It is not 
yet known whether the process will go into commercial operation. 

Development work has also proceeded on the recovery of uranium from 
leach liquors prior to copper extraction. 



9.2. Phosphoric acid 

Extensive research into the recovery of uranium from phosphates has 
been under way for a number of years. Despite considerable efforts no process 
has been found that will selectively extract uranium from phosphate rock. Alkaline 
leaching methods are completely ineffective and acid leaching results in dissolving 
the uranium in approximately the same proportion as the dissolving of the 
phosphate rock. For these reasons all procedures for uranium recovery are based 
on by-product recovery from phosphoric acid. 

The uranium content of the phosphoric acid is typically 150-175 ppm U 3 O s . 
One plant is in operation in Florida, and two other facilities, one located in 
Louisiana the other in Florida, are scheduled to come on stream in 1978. In 
addition, two companies have recently completed designs of processing plants 
for Florida locations. 






Threa basJ i iglnj iti pi m Involved In rei overing uranium from this 



source. 



( 1 ) Fre-treatmenl ol .<()% phosphoric acid to remove suspended solids and to 
adjust its redox potential; 

( 2) Two successive stages of solvent extraction to separate the uranium from 
the phosphoric acid and then to concentrate it; 

( 3 ) Precipitation of the uranium from the second-stage solvent extraction strip 
solution. 

The main problems experienced in the pilot-plant operations were the 
l<>, motion of emulsions in solvent extraction which have led to high solvent 
losses, interference by iron in loading uranium on the solvent, and problems due 
to high temperatures and the corrosive nature of the high- fluoride- content 
phosphoric acid. 

There are indications that the process for extraction of uranium from 
phosphoric acid is costly in terms of capital and operating requirements. Capital 
costs are reported to be in the range of US $ 80 - 1 10/kg of annual U 3 8 produc- 
i inn with operating costs of the order of US $ 44/ kg U 3 O s produced. 

9.3. Sea-water 

The uranium concentration in sea-water is probably stationary at 0.0033 ppm 
U ,()„; it is estimated that the contribution from rivers, probably 27 000 t 
annually, is balanced by the deposition rate on the ocean floors. The dissolved 
Uranium, which occurs as a tricarbonate complex in the world's oceans, has been 
estimated to be more than 4X 10 9 t. 

In I lie early 1950s the United Kingdom Atomic Energy Authority started 
.i programme of investigations into the recovery of uranium from sea-water. This 
WAS prompted by what appeared a national commitment to the development of 
nuclear power generation and a lack of domestic uranium ore reserves. 

following extensive laboratory testing of organic and inorganic materials, 
granular titanium hydroxide, used in conjunction with a sodium carbonate eluant, 
mi I nu ml to be the most successful absorbent. 

I In- initial test programme was terminated before procedures were optimized. 
( 'onsiderable research and development work will be required before a practical 
recovery process is obtained. The major difficulties to be resolved include: 

I I I The form of the uranium, which is strongly complexed and at extreme 
dilution; it exists in the presence oi relatively high concentrations of what 
niiiv be Interfering sj 

I ! I fhe i he d and phj sii nJ properties "i tin absorbent; 
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(3) Type of eluant and effect of concentration and contact time; 

(4) Design, and engineering of practical facilities to handle extremely high volumes 
of sea-water through filtration and extraction stages. 

The Agency of Natural Resources and Energy in Japan have recently 
announced a two-year research programme to extract uranium from sea-water. 
Several mining, chemical and engineering companies are to be involved in the 
project. The experimental facility will be designed to recover 10 kg U/a; the 
absorbent is based on titanium p^ide. 

At this preliminary stage, where many key design features have not yet been 
proven or evaluated, no useful estimate of the economics can be presented. 
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PART 111 

SUMMARY TABLES ON SPECIFIC URANIUM DLPOSITS AND 

l>RO< I SSI NG PLANTS 



Must of the examples given in the 76 Summary Tables at the end of this 
,. i lion are drawn from the major current and future uranium-produemn countries 
(USA, Canada, South Africa, Namibia (South West Africa), Niger, France and 
Australia). However, examples have also been included of deposits with interesting 
Characteristics from a further 12 countries (Mexico, Argentina, Brazil, Central 
African Empire, Gabon, Malagasy Republic, Austria, Denmark, Portugal, Spam, 
Sweden, and Yugoslavia). 

The starting point for the selection of these examples was the December I ( ->77 
Jusiit' Of the OECD-NEA/IALA publication Uranium Resources, Production, and 
Demand. Altogether 49 countries were listed in the section of this book which 

>,i nari/es the national submissions provided by government organizations 

1 1 i KHisible for the control of nuclear raw materials in their respective countries. 
In many of the 49 countries, specific deposits have yet to be delineated by further 
i ploration drilling. In others, little information has been published on the 
mineralogy and amenability to processing of the deposits on which their resource 
figures are based. For these reasons 30 countries were excluded for the purposes 
of I In' Sun unary Tables. (As more information becomes available on uranium 
deposits and processing plants in these countries, additional examples will be 
added to the list for inclusion in future updates of the present report.) 

I EXPLANATION OF NUMBERING SYSTEM 

II. Numbering of countries 

The 4 l J countries included in the above book were grouped according to the 
following five regions: 

I . NOKif I AND CENTRAL AMERICA 

SOUTH AMERICA 
i AFRICA AND THE MIDDLE EAST 
I WESTERN AND CENTRA!. EUROPE 

AUSTRALASIA AND THE FAR EAST 

The countries in each region wow then listed alphabetically and given a 
three digll number as shown In-low. 
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Region 1: NORTH AND ( IN IK Al AMIKK'A 



Region 4; WESTERN AND CENTRAL EUROPE 



101 CANADA 

102 MEXICO 

103 UNITED STATES OF AMERICA 



Region 2: SOUTH AMERICA 

201 ARGENTINA 

202 BOLIVIA 

203 BRAZIL 

204 CHILE 

205 COLOMBIA 

206 ECUADOR 

207 PERU 

208 URUGUAY 



101 AUSTRIA 

402 DENMARK 

403 FINLAND 

'RANGE 

in. tiHRMANY, Fed. Rep. of 

406 GREECE 

■in/ ITALY 

406 PORTUGAL 

in-) SPAIN 

110 SWEDEN 

■III SWITZERLAND 

II ' UNITED KINGDOM 
413 YUGOSLAVIA 



Region S: AUSTRALASIA AND THE FAR EAST 



Region 3: AFRICA AND THE MIDDLE EAST 

301 ALGERIA 

302 CAMEROUN 

303 CENTRAL AFRICAN EMPIRE 

304 EGYPT 

305 GHANA 

306 IRAN 

307 JORDAN 

308 LIBERIA 

309 MALAGASY REPUBLIC 

310 MOROCCO 

311 NAMIBIA (South West Africa) 

312 NIGER 

313 SOMALIA 

314 SOUTH AFRICA 

315 SUDAN 

316 TURKEY 

317 ZAIRE 



50] AUSTRALIA 
J02 INDIA 
MM JAPAN 
mi I KOREA 
105 NEW ZEALAND 
'.in, PHILIPPINES 
107 SRI LANKA 
508 THAILAND 



For convenient reference the 49 countries are shown, with the corresponding 
numbers, in Table A. 

The list of 19 countries for which Summary Tables were included is shown 
in Table B. 

1.2. N urn bering of specific examples of dcposits/mines/mills 

As far as possible a slandardi/xd syslmu of nomenclature Was adopted for 

the depotlta/mines/mills Included In tin Summary Tables, Thus, SOHIO-L BAR 
rafen to the mill near Gran ti, New Mexleoithal It operated by Sohio Petroleum 
Company and i» often referred lo t tHi I B mm mill. To pinpoint the 

fr\i t ;,i)t. mi ime I 'I 



164 



165 



TABU' a. AJLPHABETICAL LIST OF COUNTRIES INCLUDED IN 
"URANIUM RESOURCES, PRODUCTION AND 1)1 WAN D" 



I aiu i it. i.isi OF COUNTRIES FOR Willi II NHMMAin 
TABLES WERE INCLUDED 



Coun try 


Country 




Algeria 


(301) 


Liberia 


(308) 


Argentina 
Australia 


(201) 
(501) 


Malagasy Republic 
Mexico 


(309) 
(102) 


Austria 


(401) 


Morocco 


(310) 


Bolivia 


(202) 


Namibia (SW Africa) 


(311) 


Brazil 


(203) 


New Zealand 


(505) 


Canada 


(101) 


Niger 


(312) 


Cameroun 


(302) 


Peru 


(207) 


Central African Empire 


(303) 


Philippines 


(506) 


Chile 


(204) 


Portugal 


(408) 


Colombia 


(205) 


Somalia 


(313) 


Denmark 


(402) 


South Africa 


(314) 


Ecuador 


(206) 


Spain 


(409) 


Lgypt 


(304) 


Sri Lanka 


(507) 


Finland 


(403) 


Sudan 


(315) 


France 


(404) 


Sweden 


(410) 


Germany F.R. 


(405) 


Switzerland 


(411) 


Gabon 


(305) 


Thailand 


(508) 


Greece 


(406) 


Turkey 


(316) 


India 


(502) 


United Kingdom 


(412) 


Iran 


(306) 


United States of America 


(103) 


Italy 


(407) 


Uruguay 


(208) 


Japan 
Jordan 


(503) 
(307) 


Yugoslavia 
Zaire 


(413) 
(317) 


Korea 


(504) 







O try 


Number of exuniploii 


mm Canada 


9 


102 Mexico 


1 


mi USA 


20 


.101 Argon tin u 


1 


10 | lini/il 


1 


103 Central African Empire 


1 


305 Gabon 


1 


109 Malagasy Republic 


1 


1 1 1 Namibia (South West Africa) 


1 


il ' Niger 


4 


.114 South Africa 


12 


■loi Austria 


1 


in ! Denmark (Greenland) 


1 


■KM 1'iiince 


5 


•KIH Portugal 


1 


'10') Spain 


7 


•Mil Sweden 


1 


■tl 1 Yugoslavia 


1 


50) Australia 


7 


TOTAL 


76 
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TABLE C. LIST OF DBPOSITS/MINES/MILLS INCLUDED 



N umbel 


NiiltlU 


Uranium are« 


Stale or 

province 


Country 


1-1 


Amok- Guff Lake 


Cars well Structure 


Saskatchewan 


Canada 


101-2 


Dcnison 


Elliot Lake 


Ontario 


Canada 


101-3 


Hid ora d o-Ueav eiiojdge 


North of Lake Athabasca 


Saskatchewan 


Canada 


101-4 


Gulf- Rabbit Lake 


WoBaston Lake Fold Belt 


Saskatchewan 


Canada 


101-5 


Kerr Addison-Agnew Lake 


Agnew Lake 


Ontario 


Canada 


101-6 


Mada wask a-Bancro ft 


Bancroft 


Ontario 


Canada 


101-7 


Rio Algom-Quirkc 


Elliot Lake 


Ontario 


Canada 


loi-a 


Rio Alfioni-Panel 


EJliol Lake 


Ontario 


Canada 


101-9 


Preston Mines-Stanleigh 


EUiol Lake 


Ontario 


Canada 


102-1 


El Nopal- Villa Aldama 


Chihuahua 


Chihuahua 


Mexico 


103-1 


Anacon da- B ! ue water 


Grants Mineral Bell 


New Mexico 


USA 


103-2 


Atlas-Moab 


Big Indian District 


Utah 


USA 


103-3 


Cono co-Falls City 


South Texas 


Texas 


USA 


103-4 


Cotter Can on Gty 


Front Range 


Colorado 


USA 


103-5 


Dawn-Ford 


Spokane 


Washington 


USA 


103-6 


Exxon-Powder River 


Powder River Basin 


Wyoming 


USA 


103-7 


Federal American- 
Gas Hills 


Gas Hills 


Wyoming 


USA 


103-8 


Kerr MeCee-Grants 


Grants Mineral Bell 


New Mexico 


USA 


103-9 


Pathfinder-Gas Hills 


Gas Hills 


Wyoming 


USA 


103-10 


Pathfinder- Shirley Basin 


Shirley Basin 


Wyoming 


USA 


103-11 


Rio Algom-La Sal 


Big Indian District 


Utah 


USA 


103-12 


Sohir>L Bar 


Grants Mineral Belt 


New Mexico 


USA 


103-13 


Union Caibide-Uravan 


Uravan Mineral Belt 


Colorado 


USA 


103-14 


Union CarbidLi-Natrona 


Gas Hills 


Wyoming 


USA 


103-15 


Union Carbide-Falangana 


South Texas 


Texas 


USA 


103-16 


United Nuclear- Horns lake 


Grants Mineral Belt 


New Mexico 


USA 


103-14 


Union Carbide-Natron a 


Gas Hills 


Wyoming 


USA 


103-15 


Union Carbide-Palangana 


South Texas 


Texas 


USA 


103-16 


United Nuclear- 
Homestake 


Grants Mineral Belt 


New Mexico 


USA 


103-17 


US Steel-Clay West 


South Texas 


Texas 


USA 


103-18 


US Steel- Bums Ranch 


South Texas 


Texas 


USA 


103-19 


Western Nuclear- Jeffrey 
City 


Gas Hills 


Wyoming 


USA 


103-20 


Ranchers-Naturita 


Uravan Mineral Belt 


Colorado 


USA 



!(>« 



TABLE C (oont) 



NnmliL'l 


Nun if 


Uranium araa 


.1 ||i ..i 
inovnn » 


i ' try 


101 i 


CNEA-Siomi Pintadn 


Sierra Pintuda-MuliuuLu' 


Mtsndoza 


Argentina 


.'III 1 


Nuclebras-Pocos de 

Caldus 


Minas Gerais 


Minas Gerais 


Bra/.il 


llll 1 


Alusuissc-Bakouma 


Bakouma 


Mbomou 


Central 

African 
Empire 


10} i 


Cumuf-Mounana 


Francfiville 


Haut-Ogooue 


Gabon 


109 i 


Omnis-Fort Dauphin 


Fort Dauphin 


- 


Malagasy 
Republic 


1)1 i 


Rio Tinto-Rossing 


Swakopmund 




Namibia 
(South 
West 
Africa) 


112-1 


Somair-Arlit 


Agades 


Azbine 


Niger 


113 2 


rominak-Akouta 


Agades 


Azbine 


Niger 


112 3 


imouranen 


Agades 


Azbine 


Niger 


US .i 


Ami 


Agades 


Azbine 


Niger 


.114 ■! 


Anglo- Vaal Reefs 


Klerksdorp 


Transvaal 


South 

Africa 


.114-2 


Anglo-Western Deep 

Levels 


West Witwatersrand 


Transvaal 


South 

Africa 


H .1 


Anglo- Ergo 


Fast Rand Basin 


Transvaal 


South 
Africa 


IH .1 


Anglo-President Brand 


Free State Goldfields 


Orange Free 
State 


South 
Africa 


ii-i S 


Angl ovaal-Harte be e st- 

f on i e in 


Klerksdorp 


Transvaal 


South 
Africa 


.114 6 


General Mining- 
Buflclsfontein 


Klerksdorp 


Transvaal 


South 
Africa 


H-l 7 


tie 11 Ural Mining-W.R. 
Consolidated 


Central and near 
West Rand 


Transvaal 


South 
Africa 


11. 1 H 


Gold fields- West 
Ihic-fonttiin 


West Wil wiilpiNijiiifl 


Transvaal 


South 

Africa 


H.I '1 


JCl-Randfontotn 


i i'liluil anil Mil 
Woil lliiml 


Tmnavim) 


South 
Africa 
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TABLE C(oont.) 



TABLE C(oon1 > 



Number 


Naniu 


Uranium area 


State or 
proyince 


Country 


314-10 


Rand Minus- 
Blyrooritzicht 


West Wilwalcrsrand 


Transvaal 


South 
Africa 


314-11 


Rand Mines-Harmony 


Free State Goldfields 


Orange Free 
State 


Soulh 

Africa 


314-12 


Rio Tint o-PaJ a bo ra 


Phalaborwa 


Transvaal 


South 
Africa 


401-1 


SlAB.-Forstau 


Radstadt 


Salzburg 


Austria 


402-1 


RJs0 - Kvanefjeld 


Uimaussaq 


Greenland 


Denmark 


W-l 


Simo-Bcssines 


Crouziile 


Limousin 


France 


404-2 


Simo-Saint Priest 


Forez 


Lyonnajs 


France 


404-3 


Si m o-L* Ec arpiSre 


Vendee 


Poitou 


France 


404-4 


Pouk- St. Pierre 
le Cantal 


Massif Central 


Massif 
Central 


Fran ce 


404-5 


CFMU-Lozerc 


Herault 


Lartguedoc 


France 


404- G 


Cogetna-Lodeve 


Herault 


Languedoi; 


France 


408-1 


linu-Nisa 


Nisa 


Alto AJehtejo 


Portugal 


409-1 


Fnusa-Fe 


Saeiices el Chico 


Salamanca 


Spain 


409-2- 


Jen-El .Punlregal 


La Haba 


Badajoz 


Spain 


403-3 


Jen-Los R a tones, 
Jen-Andujar 


Albala 


Caceres 


Spain 


409-4 


Fnusa-Mazarete 


Molina de Aragun 


Guadalajara 


Spain 


409-5 


Fesa-Huclva 


Ph osphatic ores 


H uelva 


Spain 


409-6 


Bnusa-Canidad 


ViJlaviejade Yeltes 


Salamanca 


Spain 


410-1 


Lkab-Ransiad 


Billingen 


Vastergotland 


Sweden 


413-1 


Boris KjJrit-Zirovsi 
Vrh 


Northwest Yugoslavia 


- 


Yugoslavia 


501-1 


Ranger-Jabiru 


Alligator Rivers 


Northern 
Territory 


Australia 


501-2 


Noran d a-Koongarra 


Alligator Rivers 


Northern 
Territory 


A ustralia 


501-3 


Pan con tinental-Ja biluk a, 


Alligator Rivers 


Northern 
Territory 


Australia 



n b*g 


Nlllllr 


1 In 


'i.i, || 

IHIIvin. 


Country 


501 A 


QUttOItfilDJld Mill' 1 :. 
Ndtuuhtk 


Alligator Rivers 


M,i Mi. 'in 
IVniloiy 


Australia 


■til 5 


Kin '['inlO'Marjr K:itlileun 


Ml lsu-Cimicurry 


Ouoetislainl 


A ii si in li a 


•.in S 


Western Mining-Yeulirric 


Yilgarn Blotk 


WcaLern 

Australia 


Australia 


Mil 1 


Western Nudear-Bevcrley 


Frome Embayment 


Soulli 
Australia 


Australia 



Ini ;il ion of the deposit or operation more clearly in geological terms, the 
mi < ailed "uranium area", in this instance the Grants Mineral Belt, is shown in the 
lahlus, in addition to the State (New Mexico) and the country (USA). Once cadi 
Of the examples was thus named they were listed alphabetically under each count r 
and numbered in sequence as shown in Table C, 

2. HXPLANATION OF DETAILS UNDER EACH HEADING 

2. 1 . Owner/operator 

The correct company designations are given here. 

2.2. State of exploitation 

An idea of the progress made towards the exploitation of the particular 
ore deposit is given under this heading in the Summary Tables. One or other of 
I lie following stages are usually applicable: 

(a) Evaluation: The evaluation stage applies from the discovery of the 
uranium occurrence, through exploration drilling, minera logical and ore 
processing investigations, pilot plant test work on bu)k samples, pre-feasibility 
study, etc. to the point where the decision is made, in principle, to go ahead with 
mining and the erection of an ore processing plant. 

(b) Environmental impact: This implies that the evaluation stage is 
complete but the go-ahead eiinncil be given because the authorities are still 

considering the environmental unpad statement. 

(c) < bnstrtti tlouh oi'iinf.'.u-iiiin: MiIn implies llial the mine and/or the 

ore pii^ easing plant In still In Inn doslj ii. i onitrut ted oj commissioned, 
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(d) Production: This implies thai the mine/mill is up to design capacity 
and that routine production of yellowcake is being undertaken. 

(e) Expansion/reactivation: This category refers to old operations that have 
been on care and maintenance but are being brought back into production, or 
existing operations that are undergoing an expansion programme. In both cases 
the implication is that additional plant is being designed, erected and commissioned 
to cope with the reactivation or expansion. 

(f) Mine/mill shut-down: Where difficult uranium ores were treated in 
the past by unusual methods that may still be of hiterest, the historical data is 
included in the tables and this heading is then allocated. 



2.3. Grade 

Because the grade of the ore being delivered to processing plants invariably 
fluctuates over a period of time as the mining operation gets into new areas 
of the orebody, it is preferable to quote a grade range rather than a specific 
average grade figure. For this reason, and to preserve confidentiality, one of the 
following grade ranges were chosen to indicate the approximate grade of each 
deposit. 



% u 3 o s 

<0.05 

0.05-0.10 
0.10-0.15 
0.15-0.20 
0.20-0.30 
0.30 - 0.40 
0.40-0.50 







0.50- 1.00 
1.00-2.00 
2.00-3.00 
3.00-5.00 
5.00- 10.00 
> 10.00 

Confidential/ not known 



(ft) T ouiiusi o n |" i d i 

Nul in production yet 

< 500 

500 1000 
1 000 - 2000 
2000 - 3000 
3000 - 4000 
4000 - 5000 
5000- 6000 
6000 - 7000 
7000 - 8000 

1 10 Tonnes U per annum: 

Not in production yet 

< 100 
100-500 
500- 1000 

1000-2000 



2.5. Deposit ore type 



K 000 ■ 9 000 

9 000- 10 000 
10 000- 15 000 
1 5 000 - 20 000 
20 000 - 30 000 
30 000 - 40 000 
40 000 - 50 000 
> 50 000- 

Confidential/not known 



2000 - 3000 
3000 - 4000 
4000 - 5000 
> 5000 

Confidential/not known 



The ore type in the Ruzicka classification that corresponds nearest to that 
of the deposit under consideration was chosen. Where it was felt appropriate, 
additional remarks on the type of ore and/or deposit were included. 



2.6. Uraniferous minerals 

Only the uranium minerals of major importance were listed. Where 
appropriate, additional remarks on the nature and distribution of the uranium 
minerals were included. 



2.4. Production 



Because the actual throughput of processing plants does not necessarily 
coincide with the design capacity, and for reasons of confidentiality, one of the 
following production ranges was chosen to indicate the approximate production 
rate in tonnes of ore per day (330 days per annum) and also in tonnes U per annum. 



2.7. Other minerals 

Accessory and ggngUO orall Mini BOUid lMV( an influence on the selection 

of Mm prooi hi flowsheol m iiii' 1 1 on ci ml i ■ ■ n r irlli ularly noted. 
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2.8. Mining 



2.1.i. Degree <>l i »n iiiiIIcmi 



Here an indication is given as to whether the type of mining being used or 
planned will be underground, open-pit, strip mining or solution mining (wells). 
Where a residue dump is being reclaimed an indication was given as to whether 
hydraulic or mechanical methods are being used or planned. 

2.9. Sorting/blending 

One or other of the following possible situations may apply here: 

(it) Separation of different ores at mine or mill in stockpiles: No attempt is 
made to separate different ores at mine or mill (other than cutoff grade 
considerations); different grade ores stockpiled separately at mine or mill using 
radiometric properties; and ore from different mines stored separately at mill. 

(b) Blending at mill: Different ores processed separately in campaigns in 
same plant; separate circuits for treating different ores; certain ores go through 
preparation stage (e.g. roasting) before joining main stream to mill; blending of 
all ores to produce continuous uniform feed to mill; and ore from mine directly 
to mill with minimal blending. 

(c) Sorting at mill: No sorting; hand sorting; radiometric sorting; 
photometric sorting, 



To get an Idei of tho finsnau ol grind achieved by the milling circuit, the 

screen si/.e (Tyler mesh) llin.nr.li which 80% of the solid particles in the Iced to 
Hie leach pass is quo led. In addition, the screen size through which 50% of the 
solid particles in the same stream pass, is given as a rough indication of si/.c 
distribution. 



2. 1 4. Leach type 

The leach circuit may be either acid or alkaline (carbonate) while the leach 
method or equipment may be one of the following: 

Air- agitated pachucas 

Mechanical agitators 

Trommels (revolving drums) 

Autoclaves 

Heap leaching 

In-situ leaching 

Solution mining. 



2. 1 0. Pre concentration 

Preconcentration to upgrade the ore (leaving a discardable tailing) or to 
split the ore into two streams for separate treatment is remarked upon here, where 
applicable. 

2.11. Crushing 

The crushing configuration (primary, secondary, tertiary) in various combina- 
tions and the type of crusher equipment are described here. 

2.12. Milling 

The milling configuration (number of stages, whether open or closed circuit) 
and the type of mill or mills are described. 
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2. 15. Oxidan t/ tempera tu re 

The oxidant may be one or other of the following: 

No oxidant added 

Manganese dioxide 

Sodium chlorate 

Ferric sulphate 

Oxygen (from air) 

Oxygen (from oxygen plant) 

Hydrogen peroxide 

Biological oxidation with bacteria 

Solution containing copper and ammonium ions. 

Because leach temperatures vary from lime to time it was decided to selei i 
one of the temperature rangei he low rather than td quote a specific temperature: 
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Ambient temperature ("(,') 



35- 


45 


90- 95 


45- 


55 


95 - 100 


55- 


65 


100- J20 


65- 


75 


120- 150 


75- 


80 


150- 200 


80- 


85 


200- 250 


85- 


90 


> 250 



The temperature ranges above 80°C are for pressure leach systems. 

2.16. Leach pulp density 

The leach pulp density expressed in percentage solids may vary from time 
to time and again, one of the ranges below is specified rather than a single figure: 

Leach pulp density (% solids) 



Not applicable (e.g. heap leaching) 



<20 
20- 25 
25 - 30 
30- 35 
35-40 
40- 45 
45-50 



50-55 
55-60 
60- 65 
65-70 
70-75 
> 75 



2,17. Solid-liquidseparation 

Here the number of stages of solid -liquid separation are quoted with the 
type of equipment used. One or more of the following may apply: 

Rotary drum vacuum filters 

Horizontal belt vacuum filters 

Tilting pan vacuum filters 

CCD in conventional thickeners 

CCD in hi-rate thickeners (e.g. Enviro-Clear) 

Sand/slime separation in hydrocyclones 

Classification in rake classifiers 



176 



Classification In spiral i lusslfii rs 

Classification In draj classifiers 

Rotoscoops 

No solid-liquid separation equipment (e.g. heap leaching and resin-in-pulp). 

2, IK. Clar iciest ion 

I In. the equipment and clarification medium as well as the solids content 
-I i In' clarified pregnant solution is noted. Possibilities are shown below. 

I'.qiilpnienl 



Leaf 

Downflow columns 

l tpflow columns 

Pressure filters 

Links 

Thickener 

( liinliralion medium 



filter cloth 

Sand 

Anthracite coal/ activated carbon 

Precoat material 



V'luh 1 1 mlent of pregnant solution 

Clear solution 

Si tin I ion with low solids content 

Solution with moderate solids content 

Dilute pulps 

Medium pulps 

I flick pulps 



< 20 ppm 
20 - 1 000 ppm 
1000 ppm- 1% 
1 - 10% 
10-20% 
> 20% 



' 1 9 Concentration/purification 

I In' four main possibilities are 

Inn exchange t 1 X ) only 
Solvent r\liaiiii>n (NX) only 



I // 



Combination of Vi and SXCEluex, Bufflex) 

Recovery and product precipitation . (unbilled (e.g. as lor alkaline leach 
circuits). 

The type of equipment used in the recovery step may be one or more of 
the following: 

Fixed-bed ion exchange 

Fixed -bed ion exchange (resin transfer type) 

NIMCIX continuous ion exchange 

Porter CIX 

Davy Powergas CIX 

Himsley CIX 

Higgins/Chemsep CIX 

Pediiney Ugine Kuhlmann CIX 

Basket RIP 

Screen-mix RIP 

Mixer-settlers SX 

Pulse columns SX 

Kerr-McGce single-stage upflow ion exchange 

2.20. Configuration(ofrecoveryprocess) 

The number of stages and their description are noted under this heading. 
The examples are as follows: 

Two columns for absorption and one column for elution (3 fixed-bed 

columns); 

Two columns for absorption, one column for backwash, one column for 

elution (fixed-bed IX resin); 

Single column for absorption, single column for elution (upflow column 

CIX). 

20 vessels on absorption, two on backwash, two on elution (basket RIP). 



2.21. Resin /solvent 

One or other of the following possibilities may apply: 

Conventional strong-base IX resin 
Heavy strong-base IX resin (S.G. > 1.2) 
Conventional weak-base IX resin 
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Heavy Wfl&l kr.. I ! ■ In I (1 1,2) 

Tertiary amine noIvorI 
Triimiyl phosphati tiolvont, 

2.22. Elution/stripping 

The basic elution or stripping medium, whether nitrate, sulphate, chloride, 
carbonate, or ammonia, is mentioned. Where appropriate, more details are given, 
e.g. "10% sulphuric acid elution" for Eluex/Bufflex systems or "3-stage pH 
Increase with ammonium sulphate recycle" for SX systems. 

2. 2.V Precipitation type 

The basic type, the equipment and the reagents may be one or other of the 
following: 

Basic type 



Intermediate impurity precipitation from eluate or strip solution before 
uranium precipitation; 

Precipitation of uranium directly from eluate or strip solution; 
Precipitation of uranium directly from leach liquors. 

Equipment 

Conventional stirred tanks; 
Unconventional equipment (specify). 

Reagents for precipitation 



Calcium hydroxide (lime) 
Calcium carbonate 
Magnesia 
Ammonia gas 
Ammonium hydroxide 
Sodium by dioxide 
Hydrogen peroxide 

2.24. Drying/cnluiiiitioii 

< mi- di the foilowlna may apply 



i n) 



Equipment for drying/ calcination 

Rotary type 

BclL (conveyor) type (e.g. Proctor Swartz) 

Screw type 

Rotating-table type 

Single hearth 

Multiple hearth (e.g. Skinner roaster). 

2.25. Product 

Final products are either termed yellowcake or uranium oxide concentrates. 
Where the yellowcake is magnesium or sodium diuranate this is specified in 
parentheses. Where hydrogen peroxide is used for precipitation the product is 
termed uranium peroxide. The method of despatch of the final product is usually 
in drums, except in South Africa where ammonium diuranate slurry is despatched 
in road tankers from each mine to a central calcining and drumming plant. 

2. 26. Unusual features 

Provision is made here for a short note on unusual features relating to the 
deposit, the mine or the processing plant. 
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Unusual Feature* 



Hljnslgy CIX coupled With aalvant extraction tEluex/Dufflev circuit i. 
Single stage aoacrptJon, backwash, slutlcn [3 astal far L*IK 
3 extraction, 1 scrub. <\ itrlp,, 2 condi t i tip ing stages for Sx 

rtmveritlonal at rong- baae resin r Tertlnry amine aelvtint, 
1U% H ? riQ a Blui:ipri, airniopia strip for S*. 



NHg gas. and (tfTDH [ameni* recovery sys!:«inj for uranium precipitation In top vs-nti opal itirTad 
tanKe [3 fn series] 



Multiple hMTth 



Drlud yullcw cake 1 Ip drums 



Novel updergrounq mining coupled with in-situ lushing Ip stapes. Ireap laaehliijj on surfaoo 
PrMMainj plant rm^t deel with impurities Inti^iJucsd upder B rnupr| in leach a cl , 1 1; ion e. and ell utvi 
BrOAJght to BUrfiCB ia heap luochad. 

Stfptwiitinr 10^ t 

1 . . -J 



1MMMI.M 11 ft N < IMI r 



Owmr/UpvrAtor 
Mayo i>f UplolUtlan 



Uritli [Hnnui?) 

l |UI 1 l "ii iNJngu) 



lltjiull Orw fypa 



Urjinllfarauj ,i,,,. ,. 



OlJ^r Mlnarfll* 



... . 
I 



t:*i-r*(i, N»«, UoroBratlon ■ C ri v iim. ■ n„ .,,... mhu.u > umi hii, 

I'lfim |. Mill; Iti 11147* ClQItCl 10R4. I^lmhl 1 1 l;nl; Inn u* mlite/niE I 1 \UM\, fun i-.f!p.*n I I ■; IB??, 



0-05 ^ fj.1t] * UD 

man - hod Un ion - eirrn t u/a 



titfl [in htahly n*t ama rpl iuioo pjMBOirbniUn nfldtwantnj 



Mining 



Sort I ng/n landing 
PnictmcHri1.r4i1.1on 



| ' "• ' 

' I 



MflftO »f CcHnnlnution 



Liftch Typo 

Nkldarit/Tanipirrrituro (Range) 
l«ai;h fulp [tqjislly (Range) 

ItamflrkH an Lcmihlng 



Uraflium la |j renin! na uraninita and uranothorite flB diftaaminfltBO, diBorato izfyaLnln within tho- 
peitmntitOd Ulnar batflfitfl, aUanUlU, lircon end rorjjuH,Dnite ocuuj-, 



Ouflrlj ;■: , pyraxeivo, ftnip;')ihulo d blatH.?,, ffitricovlta 



aortinii h No biondiha 



Ha a reccflourtl. :-at \ oji H 



Jaw fbr primary and ahorthaad far eaccmdaiy opUa-hin^i 

Iwo-tiLaise urlttii utth rod npd pebbla mills in closed circuit with rake classifiers. 



Ml rnJnu'i} ian ino^ih [?p^ minun 300 rneGh] 



Iflllrfs/Llquiid Separation 

GUrtfleitlon 

lOlldl tionUnt Of prsg. &oln 



bOASVn Lratl on/Puri T1 cat! on 

[.unflyurallw (SX. IX) 

Ruin /Sol vtnt 
l m /Stripping 



PnaJplutfon Typ*j 

Rry I nf(/Cfl.lc:1 nation 



Unmuil I'fldturM 



ftbld Innch Ip air-agitated pachuoas 
Odium ch]4irfltap flmblant t eirpe roiture 
m - ?nt, 

UuwntciilnB l\t tnickonor* prior to leach. 3fl houra raslcencii tim* al- pH 1ii start to 1.U diEiijhari 



Two-stage rotary drum waogfljm future - string diacharge 
Rotary Qttftl prececal filter followed by preasure sand clailf 
?Q - 1Q00 p.p.m. 



Flxud'-bniJ J rjn pxchanRO 

fliras stages absarptlen d single: iitago gluiion, 

Canuantlanal BtrQrtS"l>flM mln. 

5od.lufp ^Moride octdiried with H 3D for aluticm. 



batch pracipltatien In atirred tanks in i - :■■. !.-,:■ . 
Multiplu Hiwarth Dryer. 

Urled yaillcu cake ( qt&ftnu n 1 uir- iJiumnoLu] Lp drUma laome colclping). 



Hn 1 jnl i m4i L > > low Ki'#W piKHiAtlt* ett IikIhk |i i'mumb nm h| by nillvihti Cl'na3 flowAhwt, 



■ nliill LL'/. 
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1 e i - ? 


fi r ci t 


L.EDM - g U. I UK C 


Ontario 


C A H A A 


Owner/ Operator 
Stage of Exploitation 


Hia AJgom Limited. 

Recast expansion fm flDSD t/d to 6350 t/tl, 


Grade (Range) 
Production {Range) 


Oh 1Ij - 0.15* u n . 

GOOD - 7000 t/C 1UO0 - 2000 t U/fl 


Deposit Ore Type 
Urintfftrdus Minerals 
Other Minerals 


B«tfl3fln»^ a (pyrltlr r quarcz^ebbla centftamttati of the ftatinandfl Fennatiw) 
L J raninitc, brannerite j mana^lta. 
OLnrtz. auricite, phlorita. pyrite. 


Mining 


Underground 


Sorting/Blending 
Pra con cent rat Ion 


*ia norting. N c h landd r,£ . 
Nn p.fu concent rat ion. 


Crushing 
Grinding 1 




3aw fqr primary (underground!, ataiiGnrd cone, f Dr ee CC r,d nr y, ahgrthead nope F Dr Lartiory. 
Trffl itMl iflnd in clowti afectflt xitl, L-^aificaticn uain E rad anU neb b>o mJ]la. 



Degree of CQitminutfon 



Leach Type 

Dk f dant /Tempe rature ( Ra nge ) 

LeftCh Pulp Density (Range) 
Remarks on Leaching 



30* minua RB meah fSQt irdnuti 2D0 mesh) 



Sol Ids/Liquid Separation 

Clarification 

Solids content of preg, soli 



Concentration/Purification 
Configuration (SK, IX} 
Rosin /Solvent 
ETutlon /Stripp-i n g 



Precipitation-Typo 
Drying/Calcination 

Product 



Unusual Features 



Canvamlcnal ae i u i Bach In air-agitated pachgeaa. 
No oxidant added (0 -from air only), G5 - ?5 a C» 
70 - H3* aolida 

Dnwaterln* in dist filters |j,-icr co jtin^ *n ftjun n-iJdercs i.tw< 



c our aLrJsa hydroplanes ^nd raJde-F ci^ntt - wash„U sends, jt^n was In,- 1 o^mes f™. rm m, l ,u 
rt MtealbMtal pacrhUoae then to tailing dan; L yc lona Jrflo* to wJSSbTSd'S 
conventional tnicKannrs. Sixth a tfl ge « CCD raMRt Iy added » fWirc-olaar thfcXeneU 
LbaT nlflrifiera. Filter cloth, Prwcoflt of di at cma£ BO u e earth. 
< 20 n.p.m. 



Flva-d-bed inn exchange 

TWO stagea absorption, dna ste^a elutian, 

r nnvenrj n riol Btrari E -baae renin. 
Nitratn edution H 



L'un'/eyat- Lype tPreafcdr SuartviJ 
UrluJ yelloh'cak^ in drums- ,, 



En virn- Clear thli;henara lining aaeascad. 






A 1 P ■" ii i ' 



BUBt 9t tap Ideation 



Cifade (Hand*) 

I'f eduction (l^ntje) 



Do-pHJil t Ore Typ>o 



Lrranlforous Mfnorals 



Dlher Mlnarula 



to lin ii ■■■.. -i" -,\ v .mi,, i 

>OtlVI ■■... I | ii,- F| ,, ■ ■ i ,i. nl.. IflJQ, 



'.■.in i .v.: i. i n || . 

aOOD - 1DDD t/d SOD - lUfJtt C U/t 



Mining 



Sorting/Blending 
Pro con cent rati on 



Crushing 
Urlndlng 



Dagreo of Ctunninution 



Congldmaratq [pypltla qutrtK-p*bbla UQni[LpinuP«t« flf th* nntinnnda Formal; Jon 3 



Urnninita, ti rann a ri t u, inflnisitei 



[IjartZj sarltj-t-e, chloritBj pyrita. 



ynflsrsround. 



No sorting. Nd blending. 
No pitLiui i cen t rati dn . 



Jaw -For prilnary (undargrnund] , atandard OOflB for secorrdflry, BhartlinaiJ ^ona far tertiary. 
Two stage grind in claaad circuit witn c Lea a t-Flers ualnji rod end pabbla rnlll^, 

Wi. irdntja 65 mflSh CSOS minus iOO maatv) 



L#ach Type 

Oxi dan VTempo rature (Range} 

Leach Pulp Density (Range) 

Remarks on Leaching 



St*lHs/L1qu1d Separation 

L 1 1 rlfl cation 

Solids content of preg, soln 



C on tentrnti on/ P u ri f 1 ea t1 on 

Configuration (SX, IX) 

Rasfn /Solvent 
EluHon /Stripping 



Precipitation Typo 
Drying/Calcination 



Canventlaiial ee:1cl lpacn in air-agitatud paohutaba. 
i h Jo ^Kidant added (anly uKya^n froni air] G5 - 75°Cd 

70 - BDt aoltda. 

Qwattrlfl'jJ tr diac filters, prior tc LltfCh - ^0 houra ras-idenca timi. 



Single L"CD ;itnga in conventional thitKonern followed by twd-atag.e filtration in rotary drum 
vacuum filters. 

Leaf clarlfisra. Filter cloth, pracoafc diati 

< 20 |j.|i r iii. 



FJited-ned ion a^ohan£o \it^Ln Crnn^fnr type J 

Thrt-n gtngea abaorption. cmtr baCAya:. h , three elution. 

Cofiumnt i ona 1 strong baae reain. 

1QA aulphurio floi(J elution. 



rniruritv precipitation from aluote in nechonical agitatora ualna daloiuni carbanata anil M|<Q ■ToJiffl 
ny ^J^^^iu^l preclpltattuh in tori yont ion n 1 atirrad tan^a uaiiijj maune *i n „ 

CpHlrtyOT typa dryar (ppootor Srtrta) 
9rlid /wllnw siwko ImaarieaturTi iJlujranato) in druma. 



Unusual: Featurvt 



frarU lfl£3J 



i i.'.i u - h .i,.iM wnttni m\ m,:hi 4 ilutiflfl trt itrtMij-bqii rsatn is not caLpiad hitn $X 

1 ft I ill ..,i i.l.i .,i h ., Iuij !(*!■ priaiQitatian prafHrrad, 



ftjlUJ. m 
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PRESTON PIUS - BTANLET&H 



Owner/Ape rater 1 
Stage of Exploitation 



I il.n, lu 
ClZllto-k LftKal 



file Unto Zinc Corporation / FUe AJenm Limited. 

Iti lnj rsactivatBd and expended from 2720 t/d to 4Hnn l;/d. Start op iBBfl/fl 



Grade {Range) 
Production (Range) 



u,05 - n.to-* u n o n 



■iooo - Sana t/rf 



500 - 1UD0 t u/ Dd 



Deposl t Ore Type 



Ouri E l nine rata [pyritlc quart* -pebble conglomerate of t-nn Plottnanda FonnfttlnnJ 



Ui"anifaroui HinelrdlS Urajiinlte, brannerltu, inoiia/H, 



Other Minerals 



Quirt*, aericlte, cMutlku, pyrite. 



Sorting/Blending 



Pre con cent rat ion 



No aorting. No olupding. 



Nfl precon centra Eim 



Crushing 
Grinding 



Degree of Corminution 



Jaw for primary crushing t undLTjrruijnd ] - cane for aecgndary cruBhinB T 

riio-stnge grind In cloaed circuit with claSni-d cation. Autngunous mill with pnbble porta 
Following ptbtifi mill. Excaaa pebfrliM crushed. 



&0% [riJn\ja G5 maah (50^ minus ZOO mean] 



Leach Type 

Ok 1 dint/Temperature (Range) 
Leach Pulp Density (Range) 
Remarks on Leaching 



Acid leach in air agitated pachgeaa* 
No uvLdrtnt oddad [only oxyetzn from air]. £5 - ?5°C 
> 70* sclida 



Dewntar-Ing in disc filters prior to leach. 40 houra rutsntian tiira. Fre-.gfltfttian after grindlnff. 



Solids/Liquid Separation 

Clarification 

Solids content of prog, soln 



Sing'la CCP BtflgB in conven t tonal thicKanera followed by two-ata E o filtration in rotary drum vacuum 
filter:;, [horizontal QrjJt flltera being aaswer.ed aa an alternative J. 



No cJtsrlf l.cntion 



1000 p,p f m 



Con cent rati on/Puri fi catl on 
Configuration (SX, IX) 
Resin /Solvent 
Elution /Stripping 



LcritfnuLn.1:^ ion exchange (fircibibly 'iirnsley CI JO 
Ono ^h Sorption' col uisi, nt-n backwash, cne ilutibri* 

1'cnvantional it :-Ejnj£-boEB ion axcJiangti is^in. 

-.Q-J. sulphuric odd gjfcflflnj ^^* 



Precipitation Type 
ryi ng/Cal ci n a E1 Oft 



Inrnjrt.ty precipitation frun ulucte in air and r^c'ionical agitator* Using calcium caitumato and MgO, 
follewad by ureniLm rjrnHpltotlan vitr. niBEnsaia in convent ion o 1 stirred tanKa. 
Niiltlnle hearth drynr+ 

Elried yellow paKa. [megnea inn diuronateJ in drLms H 



Unusual Features 



Hcte : Data above on proposed, flowsheet aro tentolive and atill subject to change 



iodJ mu 
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I I . 1 1 11 


ftfinr/upfritur 

■itav" uf Uploltrtttori 


mrvtitutu tt«nion«J ii* Nni f|li N Ml 1 Nl 1 

ii j.,i punt ivului ii nii"i 


tlraclft {Rang") 
Product Liifi (Range) 


«5fl0 L/(l * Till' 1. LI/I 


[ip|iag 1 1 Ore lypc 

Uraiil feraus Minerals 
Glhtir Hint! rals 


.lipwralization occurs in a 'chitmey - ' of rhyellte and tuff oS diasaminated primary and aoconflorv 
oxideD and fracture fillinK^t 


Nt fling 




Sorting /Blending 
Pra con cent ration 


No pnjcLinoomtraticn. 


Crushing 
Grinding 

Ungreo of Cormiinutian 




Loach Typa 

0x1 dan (./Temperature (Range) 
Lwach Pulp Density {Range) 
itnttiarki on Leaching 


■'■■ .1 neap leaching 

No oxidant cenoirad. Ambient te^ipa rature . 

Net applicable 

llhotco ^aa between hoap Ipercolatibnl leach with 7Q3 afflciancy onC ccnvenLinrtaL leach with 001 

iifficiency. Even though £rads is rtlativaLy high H h*flp leaching Wrja choaer. 


jotldj/Llquld Separation 

Clarification 

Solids content of ppeg. soln 


Nnt applicable 
<20 p. p.m. 


L'(mcentr4t1 on/Purl fi cation 
Configuration (tt> IX) 

ftailn /Solent 
Llutlon /Stripping 


Solvent en tract ion in mi xof" Ji a tt lera . 

Four atoHiiii of extraction, onu atage water ecrUb. three Bta^e ntripn 

Tart lory lanlno solvent. 

;^0 b/1 emmoniuTi sulptiate and 100 g/1 nwnonlum chlorldfl. 


I'roclpltdtlon Typo 
riry ing/Ci lei nation 

Product 




UnuiUAl F*aturti 


April Wfa 
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AN.ACU.NOft 



B U U E H A 1 I fi 



<or*nt« Minora] Qvltl 



Owner/Operator 
Stage of Exploitation 



grade (Range) 
Production (Range} 



Deposit Ore Type 



UrartHftrays Minerals 



Other Minerals 



Sorting/8 lending 



Precan cent rat ion 



Crushing 
Grinding 



Degree of Comminution 



teach Type 

0x1dant/Teir|>erfttu , r* (Range) 
Leach Pulp Density {Range) 

Remarks on Leaching 



Atlantic Richfield C 0r t ARtlDj / Anaconda ncmpanVd 

Exponaion in 1970 from 3Q0Q t/d tn 0OD0 t/d h Flowsheet changed* 



0*15 - 0.20* U 3 Q fl > 

5000 - oocn t/d. 2000 - 3000 t U/a 



Ssnrifttore . [Jachpile] Uranium occurs in "stacked" Layers tn con Slows rat i C , felCspathtc landetona 
lenaea, east of Mt. Taylor, 

Uranium occure aa ccf finite and minor uraninita and aa unl i Ian 1 1 f led block, friable, uronyl 

con-p lexea r Near the surface autunlte, tyuynrnunltaj jptfta" tyuyninunitB. pniJeroonita, anc" uronophnne 

OCCUr t::: =cifttingfc Or Ifflfill frnttUrq filllne&n 



Pyrita o~.d non- norma-rci n 1 quantities of selenium, vanadium end Talybdenum occur. 



In 19?? tha mill received, an fmr 1 source, With underj-rounc and open-pit 
ope rations > 



Different grade oree stockpiled separately attar FBdionntrlLO r™n-1 tnri n b of EtucXbf 
SiiTple dlantfing in 1 1 .jm j 1 ■ i ■■, :>..i:i-::i :;. 
No sorting. 

No precon cent rat ton ■ 



Primary cruihln& an mine- 

Sfltni " au t oganou a milling of o+-u in clcaed circuit with oyolPIBn. 



00* minus 35 ma-Hh (501 rdnua 65 - 100 maah] 



Solids /Li quid Separation 

ClaHfl cation 

Solids content of preg. so In 



C on cen t rati c*V Pu r1 f f ca t1 on 
Configuration (SX, I*} 
Resin /Solvent 
Elu-tf an /Stripping 



Precipitation Type 

D ryl ng/Ca 1 el na t i on 



Acid leach. 

nsneaneae dioxide aa oxidant, 55 - 05 C, 

50 - 55t solida 



Savin stags CCU tn Entire-Clear thicksnera [50ft diameter] 
Pressure sand clarifiera 
< 20 prPiin. agJidp 



Solvent extraction in mixer- sett lore. 

Four extraction stages, no scrubbing, fuuj- stripping atagus. 

Tartiapy cjjuSnti !--uivuni.. 

Chloride e tripping. 



Two stage precipitation in conventional atirrad tanks USih£ maUneaio. 
Rotary dryer. 

Dried yellow cake [magneaium dluranateJ in drums. 



Unusual Features 



Uihi of the first largB—ac-olo applicaticne of Enuiro-Clear thickeners in uranium circuit 

Dscairtar ;:!/■■: 






I II I 


ft I - ft '1 M il A II 


'"' 


U.I.A. 


nwnBr/OfM rater 
Vtagu or CuploHation 


ftl |«a I.M . ■ ■ - 

i I- Hr .v i" ■ 1111 Ihini* -ih*ii«, w mm a IK mW oicouit addad, 1HD7) 


uradi (Minoa) 
Production (Range) 


0*10 - OlT.': 1 0. 

100LI - 1! 'il - MM 1. N/n 


DiposU Ore Type 
Uptrtl '■' > ■.>'.■'■■ Minerals 
Other Minerals 


Sondatonn - Unrlum pcaura in fluulii* faldfipathio- ooriSloTnliratlo BflrtdittonB uniti On tha 
aoutl-u«sut plan* of Wl'( U1bUc*i Val.lay antlollria. 

Uraninita 

Von odium o* nvidea anc: e-1 11 co Ue=j . ailcitaj oyrite, ch-oli;0|)yrtta h Cicrnlta, 
Vanadium reccverad as Uy-product. 


Mining 


Undargroundt Plant aar^Ed by opptovi^iateLy B0 minea. 


Sort1ng/G lending 
Pro eon central on 


NCnq 

Flotation ueed at c*na time. Nok 1 dlaconttnUwdF 


Crushing 
Grinding 

fienree of Ccrrwnl notion 


,larT cruener for primary* cane crueher for gctondery, 

TwB-rtaga hall rnLllinfi cloaed circuit with classifier and cyclcne. Identicol a n- an & a man t 
for both acid and olKaline circuita. 

AlKaiina circuit - 5U to 65^ rdnua 200 mash. 
Acid circuit - 50* minus 65 maah. 


Liach Type 

0K Id ant/Temperature {Range) 

Lonch Pulp Density (Range} 

Rairiarkc an Leaching 


AlKalina - Praaeura lanCh in autoclavee. 
Acid - Laach in rachanical agltatore. 

*!KalitW - air / 130 - ;0D°C n 
Aoid - sodium chlorate wnan rtequlfed / 75 - SO Cf 

50 - 5S, SOlida. 

High limp, low pyrita or&o treated hy olhalino leaching. Hifln vonadiumj Low lime orea traatact 
hy acid leaclitns. (Flotaticin arifl copper extraction no longer practlaed« 1 


Solids/Liquid Separation 

Clarlfl cation 

SolldJE content of preg. soln 


Alknlino - 3 etaga filtration 

Auid - ^ atidge CCfJ pluo slngie-etcge flltration.ii 

Alksiinu " pressure *cmd filtere 
Acid no clarification 

K 20 p.pvirti [alkaline circuit]* 


ConcaniratlaVPurlfi cation 

tonf i guratl an [S)t. IX) 

Ruin /Solvent 
Motion /Stripping 


Alkaline - caustic precipitation* 

Acid - gnl'Jint extraction. 

Uranium S« plant containa fl extraction [ala-nlneJ and 2 stripplr>£ Leoda-aah) ptaaaii. 

Vanadium 3X plant troatine uranium SX rnffinate extracts vanaiJium as a cationic cOifpliHF 

Tertiary Amino solvent for U 5X. Dl-2-athyl-hexylphuoplioric acid [EHPft] for V 5X 

Stripping ia done with o&rls-on at a for U Sx, and with 25t H^SO^ for V 5K. 


Precipitation Type 
Drying/Calcination 

Product 


Alhallne cauatic praoipitstion followed by redl&aolution with aUlphurin acid and ocfroiinatlDrL W 

atid circuit acidified strip aolution, -followed hy final HO precipitation! 

Multiple hoarth furnnoa for uranium- 3-heorth dryer and fuaion fumnaa for vanad i um- 

Uranium paj'oiidB 1b caloinad to uranium oxide concOntretti for deepatch in drUfluiF 
V flaltao produuacl bb a by-product. 


Mm. mi.I Fa at urea 


Plant Hrvia ittQUt h0 mirni With »ttda variaty of ora tJpBii, Uid. variatV of prOOMB tauhri1qiiB 
einrili^ml, Paroxlda praOlpltatlon Prffln urmiium. fiif-ppadUOt recoyery of vanadium* 

tMQBintiar 
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r.ALl| i i .' 



HflUllM 'liKA* 



Owner/Operator 
Stage of Exploitation 



Grade (Range) 
Production (Range) 



Uepnsit Dre Type 



Uranlferous Minerals 



Cither Minerals 



Kining 



f'lanmer Huolaar Corp, <■ GOntinantai |}| 1 nonparty / , , 

riootinn production 1 start-up 1B?aJ, 



25QD - 3£0U t/d liOQ -1O0Q t U/a 



uordlllal. mn* H aa mjeh M 35 milee away f rDm t h* Fall. City - Conquiata C»*k *m t 



Uraninlte anc Cof f i ni tv , 



SSS*Si 5tX3S^ K^^ * *• — - — - — 



□verDun^n removed by acrapera. In 19?? mLH ta^iWd era frnm 



about; t Li open-pit cparationE 






Sort1ng,/£ lending 
Preconc&ntratian 



Crushing 
Grinding 

Degree of Ccnwhution 

Leach Type 

Dxldant/Tenperature [Range} 
Leach Pulp Density (Range) 

Remark 5. on Leaching 



Wn aorti^. 

StockpHea at mine according to erode. 



Nn pre cedent rat li 



Prlmnry cjrushTriB with impact type c s-ur.hv ra . 
Single stage cpan circuit, mtt mills:. 

SO* mifiut:. 35-flfi-fth [5U1 minus BEi - 1 DO n*jy.hl 



Sol i ds/L1 qui ef Separati On 

Clarification 

Solids content of preg,, soln 



Concen t ra ft on/Pu ri ft ca ti on 
Configuration (SX, IX) 
Resin /Solvent 
Eltftion /Stripping 



Precipitation Type 
Drying/talci nation 

Product 



Unusual Features 



Acid l« 4C h in mechanical ngitatorc. 
3tdium chlorate / 55 - B5 D C, 
43 - 50l Bsltda 



Hsat For Inching dorived from seml-arte&ian well-Hatur '(B5 & Cl 



5 StflfiG CCtJ Sn conventional thic-hene. 
Unwnrlcvi oand calurma. 
S 2n j,p,oi, icllda 



Solvent Extraction in mijuiz-sett lare* 
1 Btago (■xtra'cst'torij 4 stage a trto-ji J nj; . 
Tertiary ordne solvent. 
Acidified mnanium chloride for at ripping. 



Cliract pnicitiltitiw tn» strip :,„luti „ „ith Nn,, Koa in .orcsntlort.l itirMU tinri (2 in „«„,.] 
ftjltiplu hearth [n- hearth Q5P dryer) 

Drlad yallouica*o in druma. 



R.lrti,Bly low e r alto „„ a frnrri „ nuttjBr M Jour „ a 0J[r , E trlMtail by c , |nuBntlmol tac|mo]ns ^ 

□•rcemtifir 1 B /B. 



1' A H U H I t I i 



uVmr/UfittritOr 
Mucin of CfljrloltnLlon 



Ul'adn (lUnuu) 
rHItluttloil {Hantftt) 



tlfrpotlt Org lypu 



Ura.nl fwr'uus Hlnoirals 



minor Minerals 



■ 
■ i FMnpl 



i ■ 1 1 1 1 *- 1 1 1 1 1- k ™ « ^- 1 in MiNim / i i.i iNi UaifmnUen 

rhM mill ■=*• ■ UK. Ln*t»liid to tn*1 1MB t/tf. D) m mmi b /,i) b q ti*«t tfiiun^ 



'"i H"« -","\ U g a i 



TODD * T5UO t/d* 2UU -1000 i i /,,. 



Mining 



Iiorhing/ulendinn 
l»n concentrate 



fjrmhfna 
GHndlnn 



[Jagreo of CanmlnutlDn 



Lttdclt Typft 

Ohldant/iofflpOrAture (Range) 
L«nch Pulp Density (Range) 

nviii.nv. on leacKing 



Eiondntona or* a from wuntnm filopu oT Cnlnrfldo l j l^tdau( l?S\) t 
Vain typo oru CrPin Sphirfortz^al^litr mino (iSk). 

QflnditOna ora alrnllar tc Lfra^an nineral Bnlt - aaa T03-.13 



Sandotona urva - aaa 1D3-13 

Vain typo orae - Pyrite ( quartz, anksrita, mlhor laad. atnc, ceppar lulphidea. 



In 137? mill ractivurl era from about 1U hdnoa, 
Und4i4riiround miniiiK ot Scbvjairt t vm \ dar . 



IS rB L^ "^ fDJ " Wu,5t0rn 3lD P Q awdBtnriD, SohUartzhCaldBr and cuatom millsd UT*9 reapectJ^nlv 
lilariLjgd Taad produced cantaln{ nE appro>;. ?5i aandstonu ore. **■*» 



G_u fli.RAi.rhr ELM] 



P-Tlfntfry Jaw ar>c aucendary feyr^tory^ 

Doll mill in clo&od circuit with npiral Olajffcifiar 

70% minua apo-maBh 



SolliM/Uquld Separation 

i;iar1M cation 

Solicit contant of prag. soln 



Coricen troti on/Purl f 1 cati on 
tonfl guratlon (5X P IX) 
liesln /Solvent 
nation /Stripping 



Precipitation Type 
f>ry1ng/CD lei nation 



Unuiuil Foaturet 



lholine cathnnnta leach In nlr-agitaturi pochucaB 
and outoc-lrtVea. 

flir as oxtrfflnt. 7D D C pachucos 11C- D L; uutoclayea 

'VOt QQltda 

3D hou™ in pachucflc - 1 nour lh autoclauu^ Matter 
at ~d-f\ atrroapharw b 1 . fttkalir.L- outoclayfj FRP linad. 



nev flcin EUM3 



hV ::; l.(?m aicpo oree pi'actUshad. Prlnqj-y Hi'iib 
dT 5 thwart ^unl oar onalte. All are carrpaJurNH 
through secondary cj-uahar en aita. 
Apan circuit rud trdll followed hy ball mill 



9?i rnlmiB (Tj-jnash frlwEign flgui-i 



Acid loao^i In mechanical agitatprn » pranau 
acid IsacHh in Sharrlt- Eqiion ly|?H nutaalovai 
Air aa oxidant. H^c in ootoclavea. 



b tiL niaa p ha reft p-fftaaura in ^clri a u t oc i d'^oii , 
brlok-llnadp lrrfjallara, ahd lat-dn^n Valuan 
□re tit an turn. 



3-Btago tountercorronl: rotary drum filtratipn, 

Sanrl nlorificatign, 

<2Up h p.m, 



ttiract pj-*i-ipltfltion frnm alhalific leach aoloOni 



^JoDU praclp rJ redisaalotton in hLSIl nnd H„Q„ 
pracipltaLion. -,t ■■ * ? 

Rotei'tinj heartti arysr Igaa firudJ 

Uranium jjwroKidfi olcinod to onldun 



TlilcKenar-typo clorlflar- followed by prtaiM 
dlownflow filtration. 
< 20 PfP.ih, 



3alvo;,l. r.K fraction rnr uranium :.!::.>:: ■ v . 

iUSXJ 

LfiX 4 attraction, A strip. 2 rflfl 

U5>i 4 extr.actitih, G atrip, 

Uir Alpine 304 [low He extraction] 
V5* Alamlno 33D 

U5K NH3 gripping with (N^flljLTDi] rnJul I h 

VSK ijtiiin) aa UBX J alternatively jgda mh, 



mi_ 



Activated carbon to remove Ply, Adljl prBuin, 
Hearth Dryoj L , 

iDHud yellawcaku in droma + 



J ™"«'V "f uiui.ii.I prcnBIH an (l,„l u di.d In thg Dinnll Plnahut. Hn 1 yt.ifer.um a „t rnn t Ion Rl« 
.mil <»l. ..I. f..»..r. mill IBtlVrtM HrbKI » ™l. „., ™ly lJllo „um Drt.jy.t. frnl „ C ll „, l,„ rl „. 
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toner/ Operator 

Stage of Exploitation 



Grade (Range) 
Production {Rango) 



Deposit Ore type 



Uraniferous M1 nera la 



Wn«\>\',U.\ mi 



NBwnmnt fliiiirm CTurp. ( &1^ ) > ntidntftht fllrUnfl l*m) / Ahuiii rH I .- . i r .j. i,,n|,,„. v . 
ItoutinB production. StorL-op Itl^?. On utflrtd-bv THUS. RonOtiVfltaii 107S. 



<5DO fc/d< 



1DO - BCD t U/a. 



Other Minerals 



porting/Blending 



PrecpFicentratlon 



Vein typg - [l.rebodleii ars discordant, Uinttculcr and ha^ad at thu tptitant of a dark-gray slaty 
nrEi Hit e-phy Hits within the Iggo formation and a pc rp hy r.l t tr: quartz man j qni 1 6 . 

Uranium occurs as blaafc. sooty uraniittu nnd cof^inite, Pitchblanda iibeciranE. are fairly 
common. The shallaw orebadiea ware uatdizad and contained ■Bu^unltG J mot a- nut in it a, 
u rcfiop lane, anC pimnpLjranyllta ^tth Iron oxide coatinga. 

Pyrlte, marcesitG, tiy r:.inti ta d molybdenite, qjartz, Bolclte. 



No Earttngn Stockpile blending. 



Crushing 
Grinding 



Degree of Conni notion 



i pre concent rating 



Leach Type 

Da i da nt/Ten:pe rat ore (Range) 

Leacn Pulp Density (ftange} 

Remarks on Leaching 



So 1 i ds / L i q ui d Separation 

Clarl fi cation 

Solids content or" preg. spin 



Concentratl on/Puri f i catl on 
Configuration (SX, IX} 
Resin /Solvent 
E^ution /Stripping 



Jaw for primary and Intact -far 1 seLonrtary. 
Call ml 11a in cloaed olrcuit *-ith cyulunos. 



50^ Finua 2-3r"rnanh 



Acid Leach in <j».cridfi i c a 1 agitators, 
Vadium DhlQr*ta / 45 * 55 D G, 



TVa-staga acid laach circuit. Willed pulp diluted with aaiutian -Tram 4ocond stafia prior to first 
atage leaching;. Thickonflj- after first LtOCh a t age- dvo r,f ] a* is pregnant ablution, underflow robs 
I.ii i:pc.iiriU Itiiicli Stage u-here aeld E as arTded. 



5 stage CCU En conventional Lhickanera. 
Dawnflow columna euntnining nrrthTSflitar. 
<[2C p. p. -ti. sulida. 




J-lved-bud ion exchangs* 



Precipitation Type 
Drying/Calcination 



Unusual Features 



3 cnluinm for absorption, 1 column for ulutlon, 
Cnnvnflit tonal |trppS"b*BB resin. 
Chloride Glut I am 



Impurity practpltatlan with lime follovrt'd by uranium in-ucipltatinn wUH 
Proctpr and Schwartz steam- ha dtud dryer, 
dried yallnwcaka Jn drunn. 



Two-stage «::id leech. 



UaLtmtier 197a, 



1 M i n 



U ■ I 



flmfur/OpdrAter* 
Hig# at Cxploltcttliin 



Uriil* [Unrig*} 
JVoducUum (RnngtO 



OipoiH D«-* Typo 



1 ' .in I !•.■ , HlrH'l ,! ' ■; 



flthar Minerals 



Mining 



Softlng/B lending 
Prtcancnntr-atlpn 



Crushing 
Grinding 



Degree of Comminution 



■ | \ 'i-i ni 



, 



r.HXOII lllMlUMiy 

WOO i/ '".'■■ !■■■ ■ i m ni>i- 



III I Lllll lllll |l|.|jHJTI 



ii. \%\ U-0 fl 

asecf * sboli t/u -loan i wotjj/* ■ 



Sondotons - roll frqn* n ru hull Ida ftlDni Hinnn*! nmruinftj Lobular prabedlfla olnnp panrwahillty 
nil an Res and illiptloal OfnhodlLB within nenur |5-0 BK Bt'B . Port Union Formaliion. 

Ccffinltfj end urnnintta accarpaniad by Cai-bonoceous debria and pyrite- Uranium accure .-.:■■ thin 
aodLv layers and aph,arlcal mts&aaa, on detrital aandatona gt-alnra. The mast prayaloni Of tha hi*i 
surface rdnerale ara uarngtltB nnd mata-tyuyamunite' and minor carbonntaa such as ltabtB.ttB, 
bayleyita anc ifl i Isrite-. 



Onu open pit and ane .in da r-firtui i U nMim. 



No sorting, Stoc^pllt: k^anddng. 
rva praconcantratiori. 



Dpar. circuit impoet crushsr. 
Opsin eijfOUit rad Fill. 



lam minun 3S-Tnfl*Hi (501 minua B& - 10G mash] 



Leach Type 

Ok 1 dantfTempe rature ( Ran ge ) 
LfiiCh Pulp Density (RangeJ 
Remarks on Leaching 



&0l1ds/L1qu1d Separation 

Clarification 

Solids CdfltEnt of pireg. 5,pTn 



Concentratl on/Pur1 f 1 catl ort 

Conflfluration {it, W) 

Resin /Solvent 
lilutlon /Stripping 



J»roc1p1tot1on Type 
Drying/Calcination 



Unuiual F«atu 



ncid leach in mechanica- efiitstoro. 
Sodium chlorata. fliuftlint l:BiiiPC3 _ oturBr 
50t aalids. 

None 



S ctags CCD in conventional thicXflri#r» . 
Hres&ure sand pet! nl^ri f Le r & . 
< 2Q p.p.n. 



Solvent Bjidraction in mtKer-BBttlara. upflow ipn-BP^c^iange an tailings water. 
4 extraction, * atftppihE. 
Tertiat'y fltrrtna oalvenCd 
SUlpJhflt,* ntrippinj. 



Cnnvwntianol pracipihatJon with ammonia. 
nanrtn I'nniii.ni-. 

Ih'UiJ Vwlli'Wrnkd In Hr'iimi. 



Ml I«fl|l -n Ifll IImn... WMliRi', 



Duuurrjitir I'll J 1 Ii, 
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FE PER U MER] C^N'C/IS IP ILL 



0*mer/0perator 
Stage of Exploitation 



Gride {Range J 
Production (Range) 



Deposit Ore lypa 



Uraniferotis Minerals 



Other Minerals 



CGnu llJllnJ 



Federal lieanurcaa L30t] . American' Nuclear lq f [2DIJ TYA [501) y F-deral ftwletin Pflrtn*TH, 

52a t'd in 1959, Expanded to 950 t'd with EIup* ndded to J1JF in 1uSa. Furthnr BKRflnBlon 19?B/?B 



500 - 10.00 t/d ion - 5D0t U/a. 



fining 



ff nd nl : Tr- rQUr:ul5h - Co &rey rtrkoBic aandatcn*, int are tmti Tied with mudBtonea, and ahrten In 
tn H Wind RiH/«r Formation, fioll type orabcdiea alignad |.n belts. 



F,nrthy hi™! to block eflattritfs and ihtUTHltlfll filllflgl of uranium and cofflnlts. Ovbt 2D minor 
uranium mine ra Id haue baan tdBnttfied h 

EJliCh ores aru onrlched In aalBnium, molybdenum, and arsonie, which ftefl not praaant in tha barren 
rocK. Selenium ia abundant nanr the c'gn.twt batman Uia ore and tha oltared siandnl.one. 



SortiPiff/& lending 



(*reconcentrat1 Oh 



Crush ing 
Grinding 



Degree of COirmtnutlun 



In 1977 tha mill received oro from one source. 
Lpnn pit mining. 



N" sorting uxcept far low. madiurr ana hI E h atocKptlaa at mina accarrjin E to grad* ,l P teminad by 
rodiDmBtrie mBBaurBnentfl. Initial blendin S in mill f u *d atockpilo,, further handing ay drawtnp 
Combined mill feed fram ccaraa ore atoroFe dina. Rotor? kiln for drying ore when neceaWy. 



No pracon cent rati an. 



Leach Type 

Dxldant/Tentperature (Range) 
Leach Pulp Density (Range) 
Remarks on Lea chine 



Soil ds/Lt quid Separation 

Clarification 

Solids content of preg. soT-n 



i aw cruNhtir i"ar primary, rcyrotary pEO*h'ftr fpr aa^ondflry. 

lilrijrlB etaga tiijll mill in cloa^o circuit wILh apiral ela^ifier. 



Wh rntnua 35-maah [5Dl Jiilhufl 65 - 1DQ r 



Acid luach in mgOhJonloa] agitator^ (G in aariaa) + 



aodiupi cMorata, 
5D - 555 cloUSb. 



rts much acid aa pooslble added to firat a 6 itator. Oxidant added to last two ogitatara to maintain 
high extraction. Port of uranium already Uimsolvad h a a tendency to t-n Dr ecipitata if u.m.r. dropa 
below agrJuuv. E lecture I a &a conduoJvity proba. gserl.for control of octd addition. 



Initial aainl/slime aaparal.Jcn in Bif, a i,j n<, OEe 1U inch cyclones. Sa n .?o washed In 3 :; ^ E e countor- 

current spiral claaalfl^r circuit. Overflew frcm tyolbnea and oloiTatfiera proefja^td through 

counter- current clrcudl. n F p inch eyelnnee in e ccmplex can-figuration. 

Ni> cloriftcat.lnr. 

Solide content qf pregnant pu]n ta RIP ia 13 - 15t. 



Concentratl on/ Purl f1 cation 

Configuration fSJ(» IX) 

Resin /Solvent 
Elotfpn /Stripping 



Screan-miK resin -In -jiujp. Cluex pro^eaa {RIP 



7 yeaawl& for lcadlii fix ? Tor washing 11 fpr- alutli 
4 axLr-rtction. q utrjp mi>Ler-aatt lerr,. 



niP Erode Etrtiii B bate ream. 



Precipitation Type 
Drying/Calcination 



Unusual F&atui-es 



Lonuantlnnal precipltfittoh with ammoniia. 
& Hearth 5KlnnBt roo&ter. 

Dalclnnd uranium o^ide In druma H 



Sand Bllrrs separation ond wBHtiing circuit. RIP circuit. 



Qecefffinr 1fl^B» 
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} n i- ii r r 



Own r/ Operator 
Miigir «t P. «|i I u I tr»t 1 nn 



flrtdn (Rflnnd) 
PruiJijcLlon t Ran go) 



ttaijestl Drtt Typfl 



tiriiiiKflirDui Minerals 



Other Minerals 



" ' "". ■■.. 



*»tr rioQn m i i. 

h ■' rod ii i lun i il 



hjiiii ■ B0DQ u 4t fn 



Mining 



So rtfng/B landing 
Procoiacentratl on 



Crushing 

■ ; 



Ucgrotf pf Coumlriution 



Sdndflton* - Upsni iui ilu«t«fl of Bionaated pada ttrond or*] and in "otuchoir inyorn Lr 

f&ldapatnip to arkOfti'd nnndoliunr lonaun tn thn kfeiai-wotBr Canyon flnd Ppiaan Can.yon MfllriiHt'n nf 1.1 
rorri5ari PofF^tJnn. Ikil.h uXJUiaat] and InOHidlzud rediatribLtBd hrebodiea are abundant in proMi 
to carp an a-^miLm dohriu tn tfip ni-Kaiilc: fluvtol aancJatpna. 

Plrtu-srotned coffin Ito In ths mnin uranium mineral with minor uraninlte. Oxidized zonoa omitn 
sneondary uranium mdnBTftl* [tif pra-rrdninE interest only]. Unindentlf j^d uroniuin prcdaUIy pmnnnfc 
ft* uranc- organic complesas. 

Paranianr. mamlte, pyrite, JordlalLw, ferrcaelite and marcuuitB. 



Jn 1977 tne mill recalled utv fr&Ti about 20 -ninaa- 

l^err McGea oi^ 9 linaurgirourrd mtnea In nmBfo-oid LaKe orea. 



No nnrting. No oiaodinja. DuFpina pocKeta to kerip aw eeparate 



No pro concent rail on 



Leach Type 

OHidant/Teinperature (Ran,n*t) 
Loach Pulp Density [RaFige) 
Remarks on Leachiptg 



^olldi/Liquid Separation 

Clarification 

Solids content of preg, s&ln 



Jow for prliiai-y, l.mpoct Por aecendftry oruihH 
r.tng.10 etago cpun circuit rod milla. 



ah tSQS minua 05 - 100 me&h) 



AciO loach In pRchanical agitatara h 
Sodtun chlorate. 55 - fiS C. 



C cw EBfl tratl on/ P u H f f ca t1 on 

ConMguratfon (Stt, IX) 

Rosin /Solvent 
EluUqn /Stripping 



I'roclpl tatltm Type 
firylng/C aid nation 



Untnual Features 



Single atagu hydrccyclcne5 for- santi/altrts ceporotion. Sands 

ltmea wachefd in 5 atage CCU Ini oonvontlonnl thichonera. 
Preeaure flltsrn. Precaat matarlal h 
^20 p fc p.m. 



ooh-ed in 5 ata^a rohe claaalf lui-n. 



Solvant ejitr-action in mixar eettlora. [L"pflow IN on mina wntnrnJ 
4 ata £ oiL pf extraction, na nftrubbing, A atagoa of stripping,. 
Tertiary cnina aolvent. iLjtt-pnE-haee re-Bin far IK] 
Criloi-^op stripping: for both 3X ond mine wotar- IJil 



Conventional precipitation with NN^ gaa in wtrlrred tanKB [4 In Burlae] 
Conyeyor bqlt dryer \ Proctor- £cHWflrt.z) 

llried yallowcakn Jn driitM. 



Lrtfanul ur'ttnlnm pro in. I l|'i f I aw IK f ur mlnw watsra, 
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U HP IN D E R- Hi hflLLS 



CWMr/dpeFitor 

Stage of Exploitation 



tirade (Flange) 
Production [Range) 



Deposit Ore Type 



Uranlferous Minerals 



Other Minerals 



Mining 



W^ointna 

Cap Hi 11b) 



12UO t/ii in 105Q. &eJna expanded tn 2GQ3 t/d by 1370 



fl.15 - n r ?0* L; N 



-■. I--, 1 



7U3C - 3QOC 1/tiU SUB - 10DI] t U/o. 



Sandstcnn - Roll typa ors-bodles allied tn belts tn the Wind River F u rmo ti on . tallowUh to 
gray algesic sandatnnnn, int ere tretl fled uith muda c oflu ■■. ar.c ahal£.a h 



Ut-anlnite and caffinUe. Owbt 20 minor uranium -nlnurnls. 



Selenium ia abundant near the oontaet datwaen T.hu 
arsenic present. 



ind the alLnrpd sandstone, rlolybdenum and 



50rting/8 lending 
Pre con cent rat fan 



Crushing 
Grading 



tiegree of Comminution 



In 197? tie mill rwcoiusnl ore frDffl 2 soUrcee. 
DpHn pit mining. 



No sorting- Trjcklaaua classified by 
mil. nienoing fjrtitt\ stockpiles. 



Nn precancer' troti an. 



trie rnaaatirsmant one sluckpilec acEadlng ta Erade at 



Leach Type 

Oxidant/Tamper*tUre (Range) 
Leach Pulp Density (Range) 

Remarks on Leaching 



Solidsi/Llquld. Separation 

Clarification 

Solids content of preg. soln 



nfeiia. 

Sttmi - o ut ogenc ua grinding iciJl, 



BCfl ItliflLtil 3S 1 



[■$□% minus £5 - IPO mean]. 



Acid lench in nmthantcal agitatorM. 
Sodium chlorat*. 35 U, 
55 - SO* aaltda 



Cencentr&ti on/Purl fl catl on 
Configuration (SX, IX) 
Rosin /SoTvent 
E Tut Ion /Stripping 



Precipitation Typo 
Drying/CaTct nation 



Unusual Features 



US,N ecpacn oBparatea coarse sano fur waiHIng In -] sta^a hydrn-y Liana circuit. Ds,* u/f to hydrc- 
sycicne. Cyclone o/f tg filP and u/f to B uttijti cgn in conventional -. ni c <.enera . 
Carbon bed clarl fie ro. 

<Z0 p. p.m. 



Fixed-bed ion axchanga (resin transfer Lype;. Bluax (IX ♦ BX3j Scraen-iil* .RIP 

2 cnlumna on absorption [3 at tUfuu], 1 column an b^efcuaehj ream tron&^r ten k for Glutton, 
■4 extraction, 1 scrub, 3 atrip for 5K. 

Llcmjantlnnal strong base resin. Tertiary amine solUflnt, 

m.% '^50 tlyttpn, Cantrollud P H omronte strip. 



Conventional ore dp it at in* with Uh gait in single etaga lifter. Ma removal from strip aclutiun 
vnith activated charcoal ► 

Uonuayoi- belt dryer. ( Proctor- Schwartz ) 
Dried yullowcake in dttlmii 



Os-uumtar 1374. 



i „ , 



« I 1 V II ft 'i I N 



QmniF/DpifltVF 

■ ■ if »r Exploitation 



UU I I'M 

l lip M#h1<iJ 



Houhin* productiortF 5tarb-up 1fl?1. 



'■ i --.mm ii^nge) 
Prpductlon (Rangfl) 



man - 2000 t/a. 500 - i-ooa t u/b. 



tinyoiil t Om Type 



Urwiirerow Hfnsrals 



Otfter Minerals 



aandatonn - HdbE. racks for larao pall- type deposits aii> yoliow ta gray arkeait n nndtst an nm nf 
Wind Hiver Fermatlon. 



Uranlfitta in frsctufe fillings ftfld coatings. 



Pyrlttz, colcitBj hernatlta and hipi-coslta 



SI H fug 



SO rtfng/B landing 
PfOCOnCantmtlCfl 




Crushing 

Grinding 



Uegrte of Comminution 



Laaeh Type 

Ojtldant/Temperature (Kange) 
Leach Pulp Density (Range] 
Remarks on Leaching 



Ui-ct treated frcm gfie BOUrdi only. 
Open pit mining. 



No parting. Trucks ri\on i t u ru :l rndlomatric-ally . Stockpiles according ta grodc fit mill. 
Stockpile blanaing aAffiSd at constant feed 1:a mtll. 



No preconce-ntj'ntion. 



No crunhtng., 

Sinjle'fitep semi-autaganous Laat:^de trdll. 



aoi ininu^ 35 Tesh (Ijli^ minus. B5 - 1(JQ mesh? 



SoHds/Llquld Separation 

Clarification 

Solids content of preg. soln 



ftcid leach in alJT-asltetBd pachucas. 
Sodium chlnrate. 35 - A5 D C. 
B5 - SOt nollde 

2 starage pachuoaa followed by 4 eir-agltatad lgapl- pricnuco&. 



Can centrat i on / P u H f i ca ti on 
Configuration (5X, iX) 
Resl n /Solvent 
_Clut1on /Stripping 



Precipitation Type 
Drying/Calcination 



Unusual Features 



n hyorocyclonaa f1B iftoh) for aand/alltna Hayai-uLlon and sand waahlng. 
e atage CCH in can ven ti ona 1 thinkBners far a21|r^a ^ashtnE.. 



Fixad Bad ion -e jtohftngn (resin movad aut and back pa rl odl c q 1 ly to present channelling?. 

3 columns an abaori t 1 n n „ I column on alutian. 

MacrorBticulaf we&k"baGB ion eschenge rasin. 
Sadlum ehloridB eluticn. 



Prnrlpltation of uranium dLrcictJy from eluate with NH, e^ Ln stirred ta^^s (2 atrtkLUnJ , 

Hearth Roast a r 

□ttld y.llowcflki. In drmnq. 



Imu uf MAK b«i r«lim • • I.l- -I lUffdnttil n«d for Z\U9X tIK und BX1 
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so^ 



nig ALGDn ■ la a a \ 



Owner/Operator 
■>tage p-f Exploitation 



Grade (Range} 
Production (IJunge) 



Deposit Cre Type 



Uranifernus Minerals 



Other Minerals 



Utah 
ILlEll Indian Din t [-1 ut ) 



Sin Tin to line Corpora Lion / file Al£om CbrpOf fltlon ■ 

19?? at 5QD t/d. Hinpr' itrndtfloatlane to inorsoae tn 75P t/d ccmploterf in 1g/5. 



O.ZD - 0.25£ LLOL 



hod - su^ t/d. lap - 500 t u/e. 



SctTdBjt.cna CrePodlBi qrc tabular, HiPOtfba-ahapad maaaea. concordant tc Lhe bedding In the luwaal 

Nknrter of thfl Noaa QacK ,„ Sl rfcqr nf the, llhinLa Rorwtinii, predominantly a fluwiatil. roi™*™ 
eonglcwfli^tic Bandatonft. T juv_qi.hl r.oicarcua, 

Uranlnita fills poraa and partly rtiplncsa Band fcraina an L < foeal. wc-od froeirenta. Cgffj ntta afro 
preaent. Uxldizad zun ttS contain rrt>t a-t^anAmit'e', caryuatta fln d can , u t ft b , 



Vanadium mlngrols - paa^ite, montrositB, dolomite, vanadium clay and hydremic*, mil heada 
ouera S a ahuut 10t calrhjrr carbenat* fcalcite). ™ W - * 



xlnfng 



Sorting/Blending 
Preconcentration 



Underground* nrBPndy developed an a douPla antsy system wUU-f, niir lined stone 
areas 1> 15D ft acuMn; blocka. 



ia samp ltd araund thu perimeter and 



feasibility in planning the blending of vardous grade- Lo produ 
No precencrtptrotion. 



an aveirjEH prode ejh:.I thicKnaaa in assigned to alio 1 * 
optimum srnda of feed to tna 



Crushing- 
Grinding 



Degree 01" Comminution 



teach Type 

Aidant/Temperature f flange) 
Leach Pulp Density (Range) 

Remarks c*i Leadilng 



rirrory unj»fi4ng in haflntfltmill. 
Single LLtaga ball mill in cloapd circuit with cyclone 



fritia iDQ - mjaJn LD9S minus G5 



:;h; 



Pi-elnavh [alkallnu) in air-agitated paqhu 



UCfia follcwud by alhaltns preaayro leach In autdclawaa, 
DxyjtR in carrpa^Bed air, 75°C in paehLjoos. 12£I D C in autoulovaa. 
501s soltda. 

K^St^? ;^ C ^ ln f- W™ tu ? ^e- leach o*chucaa with 17 hour, ratenticn tfcnS, then 
7 pnrnllel Penh:; of 5 auto Clave a whei-u retention time ia ? hdurfl. 



Solids/Liquid: Reparation 

Clarification 

Solids content of preg, soln 



Concentrati on/Puri f i cati on 
Configuration fSX, IX} 
Resin /Solvent 
llutioh /^tripping 



atage-i of *1 It ration in rotary drum filters [atrint discharge f 
Leaf clarifiDtK r riiter clcth. 
<2D p-p.m. 






a P a 1 S P i ltattDn ^ IJrflniUf,l lMrectl y ^5 leach J.U|„r^ with aodU, m hyd^.^de. &avu„ tanha'in 



Precipitation Type 
Drying/Calcination 



'Jnusual Features 



podium JJuronata 1* ^it^er dried diractly [if apecif ^ationa ail D w it] or rediaaol^n in H 3D 
fpllai^Kl bv aiitiKJiiliim diuranatu pracipltntion, ? 1 

H- hearth dryer 

Either scdlijir. diuranato cr ammonium diuranaty, 



At a?.D0Tt Llabcn ntno ia currently the d«yoeat in ftiii worla -far ^ndatpna orea. 



Hi&Bmbar ia?a h 





1 II A II 


llliwdn rilnui .i i ill 


ll,ii,/\ h 


((wniir/Opurator 
StiQI Q' Uploltfitlort 


11 ii mBTilm + tUtitktvSnSCTTM n nl* ■ -\,\- i ,. 

'■■ ■ '■ ■ 


i "1 ■.■'■!. 


Qrftiff (Range) 
F'roductfon (Ronga) 


ii. I ' MErt ilu 

10QO i 1 fc^ti, BOO ■ 1D0U t UVt, 


Llsu-oiHt Ore iypa 
Upm1 ferous Minerals 
(Itli4?r Minerals 


SandltDCil • Uranium ncQura in "ataoKQd" layera in aandatotie lonsfjs. 
Cufflnite d uraninita and a unirJentif tad block, frietila uranyl coTplexa^. 
Pyrito and n on - cotiiiu t-r i a 1 quontitiaa af aalentuin, viniid'ltJifi enc mclyLaafiutn. 


Mlnlny 


In 147? mil] received ore from about 5 aourcas. 
Oribu nJ.K and uncergc-Lund. 


Sortl ng/B lending 
Pracoflcentratlon 


No aorting. Na tJandina f 
No pre con cent ration. 


CirusJling 
grinding 

Uegrae of Ctmmi n u ti Oh 


No eruGhinR. 

Simt* outO|JBh dti'a caacada mill in cloned circuit with E^olqnOB* 

*0i minus 3!L - meah <.S\}\ mtnua B5 - 1QC1 mar-h, 2C1 - 3Q-^ mtnua ZOU mesh]'.- 


Leach Type 

Oxidant/Temperature (Range) 
LflftCh Pu'u- Density (Range) 
■■vino ■>■'.■.. on Leaching 


ftcid laach in maori8hloa3 ojiitatora. 

"jodium cnlciraLiiH 50 C, 
45 - Sn\ aolida. 

flBchanicdlly nsitotedl, f lat - bott orreflj HLnz, lanrh Unka. 


Solids/Hquld Saparatlon 

Clarfflcntion 

Sol 9 di content of preg. soln 


fi StagR CCO in canuant^.onal thltknnerii. 
Pitaaun: dcmm-Plcrt clariflara, flnthrnfilta beda. 
<C 20 p.|i.m. 


Con contrail on/Purl ffcetlon 

CQftflgUrstlnn (5X, I>!) 

Resin /Solvsn.t 
Elutlon /Str1pi>1ng 


Sol.yflrtt extraction in mj^ar- jet tiara [Pump-mly daatjin] 

■l eKtrflction, 4 atrip, 

Ttrtiary nniin-a aolvant. 

Contrallod pri ammonio atrip wttri ammunttjiii frulptifets recycle. 


l J r«c Imitation Type 
Drylno/CalclnaMon 

Product 


LtiiiuLinl;{nnnl ammania i .,:. procipltatlOn in 2 tanka tn aeries. 
Turbo-tray tiil-ftrad dryer CnVemant haarLh di^urj , 

rirl.uil yellorioake In druircu 


Uiiulull 1- oat urn 


tipneial rtU.untlon (ilvun to b-tw U« Sf rl tffli'Jnty Of riiTr»rqnt UninBa in tanha etc "u iikinil. 
dirrumiil conilltiuiiHi, 

IJui:u|i||U! lll/"i. 
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3 UNION C A R N T l> C - U R A V n N 



i J hi] ariii 
lUlnvrili nil,..,, 



Owner/ Ope rat or 
Stage of Exploitation 



Grate (Range) 
Production (Range) 



Deposit Ore Type 



L'raniferOus Minerals 



Other- Minerals 



£or ti ng/3 ) e ndi ng 



Pro con cent ration 



Crushing 
Grinding 



Lrdnn Carbide Co roorat ion . 

Rguj.Unfl prtiJUCttoTn Present mill constructed 1^55/90 tn ropIoE* oriel flul buiit in 10ap. 



D,15 - 0,201 U n P Q 



IDOn - tSuB t'/d 500 - 1Q0Q t U/a. 



5endntnnB - Uppermost carbonaceoue aarcsLunu un'c of |:hn Salt Wash momLier of tha Morrison 
Foliation and are generally canca rdarct tu tfls b*tftiil"i|j Of I, In hcEt no oh. 



Until '9eu proOuctiar largely fram oxidized ns-sr-HUr^eca deposits. Now mostly unofcldi=S'd <Jjr*e 
containing uraiinlto and caff lriite H 



Vanadium cilicataa and merit rss !■• ± : a . 



107? the mill recaiuoU ora^abOUt 60 minaa 
Underground mlnaa witHtn 40 miln rodlui ot" plant. 



ic sorting. Orea from al-farcdnL 
erxjunt of h landing dcrith. 



■No pre ncncen t rat 1 or. . 



'tor.Sd onparotaly at mill until aarnoled. fhftn certain 



Degree of Commi n ut i on 



Leach Type 

id d ah t/ * ehpe ra t u re (Range) 
teach Pulp Density {Range) 
Remarks on Leaching 



Acid leach in mechanical agitator^ 
Sodium chlorate. 05 - BO C 

50 - GO* aolida. 

two atage leeoh. Eeeqrsrf fltago una a hflt d strong acio treatmart to improve: extraction if yanail 
Strong acid liquors -iru separated from seconO atage leached pulp in CCO circuit anc partially 
'iraiiza'd in first stage ay freah ary ore. 



Solids/Liquid Separation 

Clarification 

Solids content of preg. sain 



a stone CCQ in woocatava thickeners of conv/ynti final dstlgni 
LKtra "hichanar. 
OH :i,p.m h 



Con een t rat 1 on/Puri f i ca t1 on 

Configuration (SK, IX) 

Resl n /Solvent 

Elutinn /Stripping 



Precipitation Type 
Dr/1ng/C a lei nation 



Unusual Features 



Jaw oruaier for primary erusihIriEH 

Single atfl EB ft?rofall mill [Ory grinUing] In closed, otrcuit with dr* cyclone and wet acrubc-ar. 



BQt finus 35 - maah [So* rninua G5 - 100 Ineoh), 



FixsO lead ion exchange [Vanadium la r*du3ed with 50 to tecraualent state in pregnant solution 
and therefore nana. nn1: lnnd cm resin] . 




3 coiluima on loaUlngj 1 i:--i 

deak baaa reain. 

Split uljtiiyi technique. Chlcrlde. 



Wastiing or a^and-hyj 1 column ofi ilution< 



Cnn^entional MM gas precipitation In 2 vo*sa:3 in aeries. 
Multiple heflfthi (Svinher roaster? 

Calcined uranium oxide concentrate in drums. 



lant l r twe sections cuilt At diffprsnt leveie along the sine af a hiU H 
for vary lor^s nuntiar of small mining tipe rat ten S 4 



C-jetoTi mill 

December iy7fl. 








1 II I I 'I 


[t H 1 ri n 1 J', ' 1. ft n A 


■' 


U,'i.i\ 


ft*nir/flpii , itdr 
Stigs of E Kit 1 1 t. o. r. l on 


Uiiliiri Unll'hlN lurp«j lotion, 
.1.11' 1 1 . ClUHH MJdHd i- 1 1 , 


Production I Hon a*] 


1DD0 - i&W i/d 1IHI - m h U/Bi 


rin|ini.1t Ore Typo 
Uranlfarous Mlnuraiu 
9th tr Minerals 


3nndotono ■ Pun tjfpii orabodttB in Wind Pivur rtmpnUofi. v^iimiian to aray artioBio Mimtiitnnai 
Irttarstrfltlfiad with mudatonaa nnO a ho Is*. 

Ureninlte and ooffihttn. Over 20 minor uranium minerals. 
Salanium* mol^bdan-ura nnfl arsenic. 


Mining 


liro racaivfld from 3 mines Sfi W/. 
Open jit. 


Softlng/Blending 
Procontttntratlon 


No Ba'rtlng. Drfl Ulractly to mill wl^.n mlnimel blending except that ore high In ho ia dJ-J-Utad 
with low Mo ore. 

tin v recoil cent rati or,. 


Crushing 
Grinding 

Dog res of Comminution 


Primnry crust.inE oniy. Jaw or 1 •■ omns m-.i 1 1 ^t option of ooeratorii* 
Sinsie ^tage ogan circuit rod milling. 

Gm minus 55 - irash. fSD^ minun 55 - -00 n-ash-L 


Lnflch Type 

(Jjitdaflt/Temperature (Range} 
Leach Pulp Density {Range) 
Remarks on Leatning 


ftctd leach in mechnnlcal agitators. 
Siidlum chlorate. 45 - 55 C, 
S5 - 50=; aciida. 

Attempt e- hava naan Fflde to treat 0.03^ jf-> UiJI underground in- situ and heap laaqhtngt Pooo^irll 
popr^ Heap laach pilas tend to seal off with conaaquunt lew percc-lati en-, rates. 


Sol1d?/L1quid Separation 

Clarification 

Solids content of pr*g H soln 


n :T..m K ..;j ui= caun-ercurnnnt washing using a parellol arrangement o c cy^lohwa and spiral fetttllfJ 
Lu :;upaL-ate aar.ds and slimes, iillmes da-watBrml ir. conventional thicKener to KIP feed. 

fij ulaL-ification 

J - 2U\ solids 


C on cen t rat 1 on/ Purf f 1 ca ti on 

■■ -INI-..1 1...1, r.:< : IK) 

Hssin /solvent 
Clution /Stripping 


Scraen rr.x r?rH Twith air njfLtstiohli EIusk cirnutt [RlP and 3X1. 

RIF - ? laading h 2 wnflhlng. 11 alution vbsbb1*h 
SX - 1 BKtrauttonj i atrip mivur aettlars. 

Convantlonnl strong ^ase roalfl f lartlary amina afrt^nti 
lot sulphuric acid r,lution. ContrclleO |?H ansmoniB strip. 


Precipitation Type 
Dry1ng/Ca,lc1n*t1on 

Product 


ConvBntlanBl pc-ecipitotion With ammonia gae in 3 lan^S in aarias. 
Haarth type roast bTh 

Calcihad uranium oxide oonctintratua in druira. 


Unusual Fietures 


Sarenn mlji RIP, 

DauDitiLifrL' HIM. 
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1 D D * I ij. 



U N J IJ N i il it |l [ 



Owner/Operator 
Stage of Exploitation 



C-r-ade [Range) 
Production (ftange) 



deposit Ore Type 



Uraniferous Minerals 



Other- Minerals 



UiiLuii i mtjluu Corporation. 

Nqw filnnt mount Jy onrmii a a 1 una rJ 



Nut a^mPonluj 

Solution mining. Uranium prcductiun rate nut available. 



S'andatuna - raid type hoated in fluvial channel a Bhitt.tdnHB within the Whitaatt Formation. 



Cqf finite und uranifiito. Uranium alsa In carbuhacaoua Hssociatluna h 



Diasuminoted pyrit« and Jnarcasita. riu 1 ybOen urn . 



Mining 



Sorting/Blending 
Pre con cent it at fan 



Crushing; 
Grinding 



Degree of Comminution hut applicable 



piutian mining opeipationi 



Not applicable 



Not OOCllCabll 



Pftit tippltcGbla. 
Not ooplicable. 



Leach Type 

GxTdant/Tempfrraturs (Range) 
Lea.ch Pulp Density (Range) 

Remarks on Leaching 



Solids/Liquid Separation 

Clarl flcfttion 

Solids content of preg. soln 



Cuncentratl un/Puri f1 catf on 
Configuration fSX, IX) 
Resin /Solvent 
tlufcion /Stripping 



SuJL,;.ir;r. ninlnB ur.\r,R sarbanatu lunch solution Ur-r.iUj leach] 
Hydrogen pgrositfB. ftrblent trynperoture. 
Not applicable. 



Not applicable. 
Nut applicable". 
Not applicable. 



Precipitation Type 
Dryinj/Cald nation 



Unusual Features 



todifie.d i^.SrB.M. roc-xx mIui 



Con^oiLionnl strong' '.mr.r? resin. 

2 - staau proprietary elutiDn circuit. 



D'tnfibt Uraniurr, pen dp it at ion frpm nluatSr 

ADU alurry ahippad tu Urwm For drains/calcination. 

urn diUranata slurry. 



Novel slat ion circuit. Chi* of First U.S. pi ant ■ n 



& net to undurtaKs d ry in g/c a lunation on alti- 



fJBLUutiBr 1828. 
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N I I I ,1 N II ■ , , * u || I 



|Hr«f|U '" . , , |, 



it.h.A. 



iWri*tvttptritor 

Itigi Of Exploitation. 



graft (Hanga) 

'" I«H IHring*} 



inipu-.li, tfi-e Type 



■ II Minerals 



Other Minerals 



Un11.Mii huoi.ar rciwi-iiLimi < il^.iik. nMii N tivif,*^ / iWlnij riunlMr ItaL^ .< B r"na7 
IMC tft In I860. Sub »lk hi..-, I U^ini „„,|. aftfthjli Uj ttow»hiet r.u MOD fc/fl. 



2QD0 - 30QD t/d BOO - itfDfl t U/a, 



*l I fi r ntj 



Sorting/ IS lending 



Praccsi centra tfw 



Crushing 
Grinding 



Degree of Comminution 



aftndltona and Llirestuhe Prea - Ciustflru of slcngatud pods ftrand om'3 and at naked l*y»W Jh 
siandistcna lunaea. Tool 1 to limsstrjrtn ores. 



CiiffJnlte, uranlnltn, cannot it a, a arBORa'ceous Hiatal til* t * a Mgano ) 



Vflnodium. Caltite in limastariu ..-ir 



Cuatti 

l-r-cerg ru un d mln 



Orea blunder at aach mLno. Ores from dlffsrant mines otonid Baparatrly at mill, Twa i,eparaLL 
£rl iiLliiijr and laacntna circuits 

No pi-flanr-can t rati up . 



Leach Type 

0*1 d ant/ Temperature (Range) 

Leach Pulp density (Range) 

Kemarks on Leaching 



Solids/Liquid Separation 

ClaHff cation 

Solids content of preg b soln 



Concen trati on/Purl f i cati on 

Ctniflguratlon (SK, IH) 

Resin /Solvent 
l-lutinn /Stripping 



I.ipflct -cruahura (primary onl^'l 

Twu ^Jrcuita each hay E aingla sta E N oolL mills Uarhonote scl-Jl:lp-, 5 ) in cluaud circuit with ,, i , 
classifiers. Circuit for lima* tana orea has S*£6nd stage ball mill. 



fiO^ nilrun 10G - rrash (SQ* mlnua -4U - nfisn, 55^ minua ^nn ■ 



TrtP sta^e nlhaline laach. First in edtuc] 3 ves than in pachucasr 
Dxygan from air. 90 - R5°n Por eut'opfavas- 7S - ^0°c; for pachu^atL H 
BO - 55^ solids 



fcnanatiio atat - aat uf 6 nutuclayaa foLlowad dy £ pachucas in serias^ 
L^ffJuul- eras - *o.\. q f Q autoc In*;;; fpllouBa ho fi nnnhun ns. m iuri.». 



?> stagaE uf Filtration iJi rotary drum tfBOUUm filtan 
p:ytj-n thtcfian'ttr far clnri-Ftcatiuu. 
<23 p.p.,,,. 



PrecLpthfltion of Uranium dirsbtly fn„ alhalina lea^h liquora UDlh E nudism ny,lro«ida. rr*Ciplt 
] f.i.: .■ i. -.\ .mi: i.ijLi.'j- k:..!i:l:.!(l \>m ■jinrirll jti rsmuyol. 



Predpltatiufl Type 
Drylng/talcl nation 



Sodium dluranel* ll rudistinlmid in hLjSO^ and uranium U reppoclp-I toted uslhi: ahrnonta 40*. 
Mull L| 'mmU'i. 

MiIm.I V m ll-^rnlur In ,| | Iflnly n I lllh 111 l|t jpiF<< i> I . 



Unwiunl Fefttoroi 



I fl In> .1- '-11 Im |, 



1 ••■ n/n 



215 



10 3*1? 



u< a. r. i i i i 



Onmor/ Operator 

Stage of Eyplo-itatlLHi 



Grade (Range) 
Production (Range) 



Nat applicable 

go - sua t u/ft t 



Cteposlt Or* Type 



Uraniferous Minerals 



Other Minerals 






Sfli!r;ntnne - Miocene n D hvIlle sen 



dstopH - about 3Stift trf thttir&BddM »»<». fttltl and tMfttonitl Qla 



L:-cninito nnd cp^fHnite. 



Bur ton it lc clay a. 



*1rlfnO, 



Sorting/Blending 
Pre concentration 



Solution mining 



Crushing 
Grinding 



MdL aoplicakle. 
Not 3Unlicat.]e. 



Not flap H cad l* r 
Mot qpplioabi*. 



Degree of Cowlrtution ^t applicable 



Leach Type 

asldant/Ttrnperature (Range) 
Leach PuTp Density (Range) 

Remaps dn Leaching 



Aimcnlum bJCBrtMatfl aalution mining [tn-&d.tu leach ^ 
Uxyaen from U 2 plant., rt^^t taiTtieratut-Ln 



Solids/Liquid. Separation 

Clarification 

Solids content of preg, spin 



C on cen t ra t f on/Pu ri fl t* t1 on 



Mot applicable. 



uf eacr- *y-M r S intBrstctlBn, Extraction of leach UoLora at esntrt 




Ntrt nnniicauiB 

dawn flew columns cmtnl nine ^tivatau cara y n H 
<2Q p.p.',,. 



FJ nod L,b?,i ion tKCnanga', 



Configuration (Sit, JXJ Jicn^ntitnal 



Resin /Solvent 
Elutlon /Strippin g 
Precipitation Type 
Drying/Calcination 

Product 



Unusual Features 



CMDJ-lda eluiion. 



Canvahtienal prticipitacion with m 
Conditional, 



nrluil yelluwcahe In druma. 



December '^7Z. 



tt vl. [|. 






Hrrn1> (ffrt'lifp) 

Production (Rang*] 



llipoilt Ore Tytnj 



UranifMraus M1 nti**! s 



' Hum M ,„■.,■!:. 



Mining 



Sarttng/B-l ending 

Pre concentration 



ll.:>. !<I;uh1. 
|*rp(5uotJon. 



No; apullcoblu 
100 - 300 t U/n, 



kancntpriij - Ntoca-na Dakullla aond6tane. 



i ran in 11, rj and coffin it ti. 



Elant critic clerks . 



Solution mining. 



Crushing 
Grinding 1 



Degree of Comminution 



Nut applicable. 
Net applicable. 



Leach Type 

Oxidant /Tempe- rature [Range) 

Leach Pulp Density {Range) 

Remark fl on Leaching 



Solids/Liquid Separation 

Clarification 

Sollfis content of preg. soli 



foot npplicablP H 
Nat .rpplicadle. 

huL applicable. 



ftlKalifii carbonate solution mining ^in situ lanchl 
Cyyg&n, Pahismt tainuwrntura. 
No!: eppiicable. 



Net applicable. 
Cttttloti flltara. 



C on centra* 1 on/ P u ri f 1 c a ti on 
Configuration (Sfl, Ix) 
Reslfl /Solvent 
Elation /Stripping 



Precipitation Type 
D>-y1ng/Calc1 nation 



IfnmuflT Features 



Port or r.IV. aystarn. 



Strong boea ream, 

Chi a rids and nudium carbonate Hlution, 



fmcipitfltJen of uranium from alufttu. oftnr BOtdifioflrtiBn , uainu 1^0, 



E)rltd yiUwDiN (maniiB nuririitii]. 
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" i ■ r E R N N u i: i i f. }, 

J 6 P F RE ¥ i: J 1 y 



Owner/ Operator 

Sr.age of Exploitation 



Grade (uange) 
Production (Range) 



Deposit Ore Type 



Urauifcrous Minerals 



Dther Minerals 



Mining 



Wv ihjl 

rfini I'll In iiiimkn Bap) 



I'. 1 .C, 



pj-mipa Dodsi QflrporHticn / Uuiuirn NualAtr Corporation. 

1BBy-.lartuprt-.WnV d. MUl «,««*„, 1S7W. to 1H1EI ,,.,. *> ;,, r,/:l , . . ,. |% ,,. 

□ ►n& - ri,2j% u.,o 



vy 



iaon - -2DCJU- Wd iou - sd.o t u/a + 



So rting/B Tending 
Precon cent rat ion 



irxi., ^r^t^TS^rggs -^r 11 -^ -- 1 " ia ■ -^» 



tomrSif" """ a C ° nt " llBd bj »^fi™ „„d D ™ a ™ „* Bwta „, qmul mrtirirt, i,„ nlnu 



P^Tlta, GBltttBr salcnium and Jnrelisii** 



In 1377 mill totnlvad tjr* f ram euaut D irdnen 
Open n?It and underground ■ 



Crushing 
Grinding; 



Degree of Comminution 



Nc adrttnR. No handing.. 



No prec-fin cent rati on r 



Leach Type 

Oxi dan t/Tempe Mature ( Ran ge ) 
Leach Pulp Density [Range) 
Remarks pn Leaching 



No crushing aquipmant* 

Dra fod direcUy tn MftptraUftwriatiH caacedo mill. 

BQ=i mlnua 35 - mesr, [5DI minus GB - TDO meahJ. 



f<.-r.id laaoh in mechanical agitator'a. 
Sudlum chlorate 35 - 45 C- 
4g - SdVi 



SiMftfS/liq&fd Separation 

Clan" f1 cation 

Solids content of preg. soli 



Con cent rati on/Puri fi cat 1 on 
Configuration [SX, IX} 
Resfn /Solvent 
Elutton /Stripping 



Multistage cynlpnaE. arvS Crag 1 1 o&a i f io r-;; . 

Nc clarification, 

IS - 1S4 anllda in pulp to niP. 



Precipitation: Type 
".rylng/Calcf nation 



Unusual Features 



Sttsm rrdx RTP. Eiu B x con fl Gyration («Jp - SJft, 

ftrp graft strdng Iftu ream. Tertia^ online solvent, 
tltt M^SOj far elutlon. Controljnd jprl arrrhnnia strip. 



Conventional NH B aa. 
B heartn raster. 

UHnrJ vello^LAke In drums. 



Sera on mi* RIP. 




K A N C H r Jl fi • if A ni in I A 



0himr-/(]pn» , fttnr 

M*yt« nt | wulEhU.n | MP! 



fii'niJy (FtMlfro) 
l'i.nlu.1 Inn (Rftn^} 



lhupir.il ■!,,- y;.,- 



LTrnn 1 rm-rous Minerals 



mlii'i Ni nei-nl-j 



Mining 



iortlng/S [ending; 
F 1 rut on tan trail an 



ri'mv* ■ ' 



fl«ioh«r» Bjqjlcratiah n tivdi .,i i.„ii„ i- lM , 

Rrhnriftrrarit of old tmiihnn [»hori. i.mml 



UJI4 - U,llfl* u_q... 



T1ULI t IJ/fl. 



RHtrafltMnt pf old tailing dari-jnu ' -Frcm aalt rdaatlna prOOiii lor Urawan aaniJiibui 



i.iJilt roaat pract« prautoL-aly scnua rt Lit.1 urnhium minerals to □nj.tftaod TcrTi. 



Von adl Jin pr*S! 



RaplamHtLsn by ^ront and Iaetfar. 



Cruihlny 

grinding 



D*yr«fl df Comminution 



Laach Type 

Uxlclant/Temperaturd- [Range) 
Leach Pulp Density (Range) 

Raitiark,! on Leaching 



liylldj/Liquld Separation 

Clarification 

Solid! content of preg. ioln 



Not epBli&nbla. 



Wat Qppllsable. 



Wot (VJpHcQple. 
Nat oppllLrthTa f 



P/Tiivlously grounrj l:u mlnua 3S-masM. 



'ILinrp ocid butm fnllnwad hy vest laaLrnins. 
oxldanL rnqulrad. /Ui-tLu-nt tenpsratura. 

fvMf oppliaablc,', 

Peclalmrj-J toillnga ara agelwna^Btad with stronc sulphuriL nnid anC plac*d in HprthOtWita for 
-lUkBrtUBrit cour.tor-ciiiri-iiint percolation laacJiins [3 ataman uf ^goBhineJ 1 



Cprtoirttrnti on/Puri f 1 catl on 

Conflouratlon (SX, IX} 

Nailn /Eolwsnt 
__Ejtitlon /Stripping 



Pr*Clp1fr*t1-tt1 Type 
Dry I Fig/CflTtl nation 



Uninual FdatLrrtt 



Clarifieatipfl lntldar-tdl In fittar-priSB aaparation nf activated carhnn uaed to naniavw crB.iri'nn 
frcn prflgnrtcit aolutlon. 



3o3v«r^t extraction fnr dranlum tut'/, aid for yanadlum [VSKJj 



USX - 3 aKtr-nctlcn d 1 acrub. 3 strip. 
ySX - 4 extraction, 1 tptUtit 7. atrip. 



Tartiary air-ina ^tjlugnt. 
Endlam ehlorlda. 



Con yanti anal prpclpltotion of uranium witn NH ^ 
Not npp U cable. 

AtlU slurry at 421 wfltor tn rood Lan+«rn to rol'inary \i\aur* nitric acid la added 
CnhKar *dr jji n HO \u t loll ■ 



|,|nMl - I "i pcp> I y ■ i *m> kILI hi nttvm\ I. mr. K u ^<in*i Dili NntarL to toiling - inV u In^n lull 

ti'Ml-eiN Nn B , ■ LnHilv ilmlH^il inr mtrartLinant of taillnfld. 



Ihr^JlflhwM IIJ,.'.'!, 
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E N G A, - STCHUA M N M IU 



Owner/Qperatcr 
Stage of Exploitation 



Grade (Range) 
Production (Kange) 



Sepostt Ore Type 



Uraniferous Minerals 



Other Minerals 



in., i i ., 
(fliPrt I'lntaii* - rt*l*rju*] 



a h u i! n r i r< i 



Cnnitflton Waciflnal do tiriarjilfl Atonic* (CNbAI * Statu / ftitillnr ManOOin 
Sm*ll Plflnt In operation. Lnrgar mill undwr aanatructian. 



idoD - sonn t/o, soo - iodd t i 



Sandatcihg - a a pool tic. 



Uranlnita, thusallta, camotite, t y uyanuni te , urtn, 



ioanana r autunltis 



Quart* F mice, clay, pyrita., baa* mat al ielpMtfW, 



Mining 



Sorting/Blending 
Preconrentration 



Crushing 
Grinding 



Degree of Ccarmi notion 



Nn Hdrtiflj 



1*3 3 re IDCnCgnt rat 1 On d 



Leach Type 

Onidant/Temperature {Range) 
Leach Pulp D*rts-i ty (Range) 
Remaps on Leaching 



Jaw crusher far primary, cona cruaher far aecandory. 
Bingla. ataga nioseD- circuit rati mill. 

Ai] mlnusi 700 mlcrona 



Solids/Liquid Separation 

C Tariff cation 

Solids content of preg. soln 



Cftricentratlon/Purf ff catl o 

Configuration {SX. IX) 

Resin /Solvent 

Elation /Stripping 



ftcid iaach in rnuchnical flgitaturt. "" " ' 

Man-ganags divide UOi «lc B d ta eruahaiO. 45 - S^c. 
£0 ' tt% aolLdan 

Relate, i y hl £ h carbanata in d£l and pra.nnca of ttocolit* means hltftl acid cc . n aurpt U 



1 stage ttitcharpap., 2 at£g» filtration. 
Gravity sand c ] nri f ta ra r 
< ZD p h p r m. 



Pretipttatiofl Type 
Dryina/C a Tel nation 



'Jnu&ual Features 



Solvent sxtraetian in pumo-mtSnf »attle*$. 
f extraction, d stripping. 
T artlary amlm* a given!., 
tiartacnana utrip + 



ElNnta la acidiftad baton uranium precipitation with NaOH & ataam r,u«,tad tftftttU: 
Radiant sleet rlt haatara, 

Oried yallnwcaka (sodium diurar.ato-1 In drums. 



220 



1 o 1 i iii IWl r in uw&a 


Mlnatl Urn nln 


BftAtlU 


" Mil ■ .'i| I in 

ItlH Of FiRplolUtlon 


Cnpi-wn^n NuulnaiPrv Rj'flnilBiran 5. A, (Nuelulimn) 

f*iw mill under construction. Echo du 1*0 ntnrt up in 111.76* 


Quito (Rings) 
rrollutUtin [Hanyu) 


euoa - 0*1DS u 3 o ► 

1000 -'2000 t/fl. mn - 500 t U/a. 


[F#p0l1 1 0r« Typo 
Ijrtnl feroui Wnerals 
Othtr Minerals 


Snndithunn 
Ea+'fintta 


Mining 


DPDn pit. 


Sortlnfl/BlBntifn'g 
F'rw concent ration 




Cryihing 
Grinding 

Bngmc of Cowl notion 




Laach Typo 

0*1 riant/Temperature (Range) 

L<i«:h Pulp Density (Range) 

Re-marks on Leaching 




5 o 1 1 ds / L 1 qui d Separati on 

Clarification 

SoHdi content of preg. soln 




Concentration/Purification 
Configuration (5X, IX} 

Rasln /Solvent 
Elutlan /Stripping 




Precipitation Type 
Dryinn/Caltl nation 

Product 




LFnuiual Faaturas 


Pull dlliltl I trHrilfl|? «nrl IWUnuPtlQil procai*H tfi tie un«d not publiaTiari u'it 
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iisse-BAKauriA 



0*ne r/Dpe rator 
Stage of Exploitation 



Grade; (Range) 
Production (Range) 



nixiiiifru 

1 linhiJU'hiq I 



'I NINftl I' .".■. | -| ■■ .■) 



ftlUBwtBB.B + llQgerna - tha State / Sncdsta q ' Ur*H urn tantrafricotnii ILIIWlrt], 
Faaaihilitji atudy favourable. 5ah#duiad QredUfcUcn iasD/fl1 t 



Deposit Ore Type 



'Jraniferous MineraTs 



O'.her MineraTs 



ning 



Surting/Q landing 
Pre con cunt rati on 



u.;:n - n.3u^ u a 

1000 - 15CID L '.I/ a c/jrln 



ffrc 



'ear period. 1 hureaftar ?UOt L/a. 



PhoBphfllfls - The Bdk „a ooaln uj-„nium ia is^ioted with phosphate i enB eB inturatroti+iatf" 

with the silts and hiIIgbols horizons of tha M'Patou formation. Average dfiPtn IS - im 
?BV#p4i email depaaita - Patricia, Patau* Fama, Palmare, Para'la and PaquprattB. 

Fluwopatite. £tfttraual*frt uranium] , atitunltBj toirbjRi^Er, 



Apatite , chert, clay, nrancalir 



Crushing 

Grinding 



Degree at Conrninutipn 



leach Type 

uxidant/Tempe.rature (ftangs, 
Leach PuTp Density (Range) 

Remarks on Leaching 



Solids/Liquid Separation 

Clarification 

SnTids content of preg. spin 



C on cen t rat l" on/ Pu H f f ca t1 on 
Configuration (SX, IX] 
Resin /Solvent 
Elution /Stripping 



Precipitation Type 
Drying/Calcination 



Unusual Feature? 



Tfia BoKoum* capc-situ ara unusual. IT net unique r In riharactar,, 
Dot alls of metallurgical r+JOonoa af are not pub liotiftd yet. 



April 1U?fi 







J 





' M m ii i n n ii N a N a 


II - ' l.-MMh 


■■■■" ■■' ■■■ 

■ I II 1J ■- "* I NU'llIU II 


ftwftftKiilii dm minaa d'tirnnuiin du I u. QCINUri 

fruda cdiuiuni urarmtu proouCitJ itnsv iwn, dam, t»pw*lan wid •> toy IB7a, 


f-MNk (H, : 

rPpjduCtl.en (Range) 


n. But UdL* 

65 50 E/ffi iflOO t U/a* 


Onpatit Ore fypi! 
\trknif* reus Minerals 
ClUer Mliwrals 


Sandotcs-iti - tlranium occurs In tr^B upper part of She. lineal Franeauillian Banrfafcortfl, Hoot rcokq 
CahR lams rates and eaerta ^andstanes cflmsnteil by asphaltlc atiaanic rrattar* 

Ir. tha oylUl^ud zona francaviJlltip, uanu.rani3lta and otfiar hydratod u^adotea cf uraniufl, bad 
and al^rnlnJum ara found. Bolcw tha oxidizad zono p i t clh lendo with GoceeE-or}. oof finite odaurii, 

HyLitu, r,nrra&itB d m»3n£flqyitej galenaj BfittiSJUtfitfl ; chalc-opyrlta, and chalrotitBh Ocninant 
finiili.JB nilnBraia arc cal-oltia arc hat'ltu, Vartotia vanaclLni inln^ralB notabDy DKldas. 


Mining 


Dpen pit and LMdiir^ruiirii:, 


ScrUf^f /(Handing 
Pre.cojflCfthtra-tlof 


Na iLirting. No Mpnfliria. 
No uri3i:ahcantration. 


QHntifrrg 

Oflgrta of tommlnution 


Jaw cnJahar far primary f gyratory Dr-jsherE for a*eqrtdary and tertiary. 
Two etage Irod and hall millE-l in clftnisd olrcult with tlessificatton. 

dL^ minus 1W irlcrcna. 


Leach Type 

Oxidant/ Temperature (Range] 

Leach V'j^P Density (Range) 

RflwrkS on Leaching 


Ac-Id Jaaoh. 

indium chlaratin, ^5 C. 

r i3^ ssllds 


5n lids/Li quid Separation 

Clarification 

Solids content of preg, soln 


■^Lngla. atagta classifier to effort prior aeporatiin at 1^0 microns , followed by t stasDH ■ ■ •> fa) 
crlasslfipjsa fnr BWidBWaahins rfid 5 etaga CCD in ponWRtipnol trilcKenftTB Tor Flnas wenhirt^ 

.lij^nflrw columns with (htfiDaflitB coalj 


Con cent rat Ion/ Purification 3plVCflt extraction in Kjrebfl tfixer-aattlurn. 
Configuration (SX» IX) a sIgeb extraotiun. a »te£fl stripping, 
Hesln /Solvent rorciary nrnina aalijfent. 
Elution /Stripping acrtium QhJoridB ntrJpplnR. 


prftcfpltfltfon Type hTKriptMtisn w n ■(-idle in atiri-vj tink*< 

Drying/Calcination ^ *lf - 

| J rodui L 1: l|1 '" 1 v " ' '" J ' "''" -"■'' ' Ml In KtJPUm 


Unusual Filatures 


I'J ■ "■■■■ ■■'■ ■ il ft ■ .in L»l, 
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303-1 UriNIS- FJH DHUPHIW 
I 


Port Dauphin 


MW.AW! V !■! P ISI li 


Owner/ Opera tor 
Stage of Exploitation 


Of floe mlltaire National pour lea Indua t rio g 3trnta£lquufl IUMN1S) 
Enttrrntttaritly axplpttad by gea. In I95n'a «r.ti i9Ba'&, Nu araduetion at proannti 


Gride (Range) 
Production (Range) 


UftrlablQ SrHdcjH of uranium and thnriuin. 

During 1* years production S30u t concentrates produced containing luiu t U and 3200 L 1h r 


Deposit Ore Type 
Uraniferuus Minerals 
Other Minerals 


PflgTflfltit* " Fnrt Dauphin U roriCt hu ;■ 1 ar 1 tti fitfld BCn"aS&t) Llf nUm*rOUfi lafltifiu] nr >: pries Of 
radioactive mlnerolizotlnn within l^rser Innsrj? and bando of pyroNenite over an orea df fi!3 hy 3llhm 

LranfivhortonitBi 

Pyronenoa. anorthite, rnicaj colcite. 


Mining 


No mining, at present, Uranium aoti^ltlil RatUmad VfiWl uWXS,; n*t Uo in 1573, 
Exploration progrEmra underway. 


Sort i ng/D lending 

Pre eon cent rati on 




Crush trig 
Grinding 

.'i- ';;::■■ of Cortcnlnution 




Leach, Type 

Oxidant/leprae rat ore (flange) 
LEa:h Pulp Density (Jtange) 
flernarxii nn Leaching 




Solids /Li quid Separation 

Clarification 

Solids content of preg. soln 




C on cen t rat i on/Purl f i ea 1 1 on 
Configuration (5X, IX) 
Renin /So \vi<r. i. 
Elution /Stripping 




Precipitation Type 
U ryi ng/Ca lc i na ti on 

Product 




Unusual Features 


April 19 7S 

■ 
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N l ii it D MIN D 



M i -m MM '^ 

|*JAMI|iI.'.i 



Ctonar/OptratDr 

U.mjm Bf EKplDlUMon 



i rino ■ hiu ftUf ii*i ■ IMU m<i«i mImi i >i4«i */ niifina. UrarUun U Itid, 

CornidB lHqmurJ 1b?W?7» FliJtl 1 1" 1 n*M. UIH li< i liril Ll pj "ll Htl ID lRftruya of flclanoy, 



llr'Aila (Man oft J 
Production {Wango) 



Wlilu i'ciiijei) of urodso eXtnt In dupable Terr, 1 11,11!, I.n II, ^UV UJJ.i 



^o PDEi - sn nna trt-. ^oo - stjoa t u/a. 



ii i . 1 1 . 1 1 Or* Type 



Ue mil Parous Mineral!! 



Diher Mlnnrals 



Qr Anita - Hituotea along the: northern limb of o comply* mye\£ 11 n oriwm in tha ^antral partlon 
cT l.hn Damoran orQfl*nld belt. Bulk of Lronluii mineralization lr? in alaahite that in 
preferentially B replaced in tr* heavily *alded ■ giiolaaa, achiataj mardlaa and limaatanaa of >,h« 
Khan and Rdaalr.g Parr.Btion&, 

Hln-nry uranium minerals uraninite anil batftflta [mines 1 ] glvfl rise ta aeenndary u rani urn, mi no ra la 
tnat aocur along oraofce and as thin films or mzn bs Ion □ 1 diflcrata cryatala. Bata-uranophon» nml 
minor rreta-nucanitfe. ma tat order ite and francolite ira ttio nac^ndary min^ral^. 

Aiaakite la a granitic rock cbnipoiiid oilniniit nntlraly a-? quartz and potaeaium faldeaor. Zircon, 
ifllcitfi nnU apatite .and minor monazite, pyrite, chdlCDp^ H%*\ t boi-.ilta^ molybfienlte, areanopyrito 
and fluorite cccur h Beta-?ite containa niobium tltnnium, tantalUO) nnd Luftgatori. 



M 1 n I mi 



Open pit. Very lorge hatilttgB LrucKs, 



Sorting/Blending 



| s raconcenCration 



Becajee af tne varinUlu nature of the orej in vesti potion 5 nro unrJ^i rwny 1:r: intrbi^uoa thu jsi 
of eclnti31ometer^ for mon^torlne tfutka aa a meena cf rejoctine rfoste that io unsfJdidatJiy 
introduced during Tiining. 

Mo pre concent rnt ton 1 



Crushing 
Grinding 

Degree of Coinminytien 



Conug:ntianol prlTMryi aocondary and tertinrv crLishtnz* 
Single atage open circuit rod mllifi. 



Loaraa grind to Tiinua S-nWBh. Finer grind under c on ^J d*i r<i td an nal. ta incraaau astraction Cut to 
Improve eaeo of handling Of mlilud slurry. 



1 1 ■ .b 1- In Type 

nsldflrtt/TeiliperaturP (Range) 
Leadi Pulp Density (Range) 

Remarks on Leaching: 



SolldsyLiquid Separation 

Clan fi cation 

Solids content tif prog, -soln 



Concentration/Purification 
Configuration (SX-; IK) 
Resin /Solvent 
Elution /Stripping 



Precipitation Type 
Drying/Calcination 



Unusual Featura* 



field leach in maachnica.1 aziiator^ (nil- lancee at option of operator] 

Han flan Sea dioxide. ^5 - 50 C ranker 

r- IV". adiida 

Tne uraninita is occuaKibla to leaching at a nac-n coafp^r &rln\l than Lhfi expnetad lih»rntlori nU 
^?ecau.Be c^ mincl-fllOfly of ore LcracKeJ. prl ValUI Sa fJlosely controllec uaing alectrodaloeni 
cnncu^tluity prodea. ^o-lctLn QQri.tant In feed .Tponitorad and ocid addition adju-sted nocoj-dlnjily tc 
r r;.: ii- ; i:p I. Inn.: 1 rfii.hl , : j n L-'-'fpt Ion at all timaa_. 



b'ibiI 



■.^n -i'/'Vi ' : inT "Ti !fV>i'i -h 1.1 u: 1 I", liyiirocyc joiea. ^ar.ds woBhed J" 2 «iz.a a i- ^at^acoopa, Slimea n]« WaBhB 
in a CCD c-trcMdt 4 CDn^antlonal thichonara. [3 atage hp3ng cnnvHiLpd to ? stage". 

No clarification. 

7.0 - 1DDC, p.p^rn. range 



Porter- CIX ay at am. Eluax/Hlrffas* OWfliTLttitlPn [CIX - 9SCJ-, 

S nbaofptian jeasela [A octive), 1 rtSln t:'ap uaaaal, 3 ^Ised-hed cdlurrna for ilutlOlfri 

Strone-Paac i-ailn. Tortiary erdne aolvent, 

mi FLS^n r?lutifln. Lontrutlad ph ammunla atrip. 



Ciinvanttonal Nh goa precipltotlDnH 
Multiple hearth I Skinner roaateri 

■ .1 -i uftniuB uxiua ppnoantpata In diMfna. 



lnhiirtt* nl' u(n M'HntHil bar 1 1-rtV In rin in ildi nf iriajnitude trotter than that for mcmt uranlu* 
nix (iiiin«»«l>i* pllnljli LMUHUil lii'in'"" fMal.umn nra coorftB artndr rotoaaeqpa atid u«ry ltT|l 

i' 1 ' I' "^"Imim. 

Piu-Ll i 
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312-1 S Q n M K. - ARL1 T 


AthJna 


NlJQI \< 


Owner/ Ope nit or 
Stage of Expleitotion 


Miesr sausrritTwnt f COCEnft * Cfnu ■ riokta » Mill stoma / Soctete dan Min** da 1 ' M r [BbWtrJ 

+■ Lirongesellachart + Aflip Nu clears 

Routine production- Stort-up 1371- Expansion undnr oOrtil-EttMliton* 


Grade (Range) 
Production (Range) 


u.^in - u.igt u . 

2000 - 1000 l:/d- 1000 - 7000 t U/s, 


Deposit Ore Type 
tiraniferous Minerals 
Other Minerals 


tiandstone - alternate layers cP compacted. intBratratl Fiad BflncHUen efl and clays- uspqaiLt occurs 
Ln the ftgades basin an the southern and waatern slopes rrT the ftJr mountain range. 

70 - B03 o-f uranium in sandstones aa pitchblende and cflffinita, 
?,a - 30^ c-T uranium in clays AS arcane- uraniuni cerrpounde. 

Pyrita, baryta, kaolinita * 

Lalcite end vanadium vary lew hL ^rlit. 


M-iniiag 


Open pit. 


Sort-in g/B lending 
Pre concent ration 


Ho anr1.1ri E . 

No nretcncorit ration. 


Crushing 
grinding 

Degree of fc-mminutiun 


Primary crushing nnj.y- 

Single stops nu '.^gen ou s [dry! treacle typo mill. 

fiD\ mtnufc Rnn m'tcrorTB'. 


Leachj Type 

Oxidant/Vemperiiture (Range) 
Leach Pulp Densi ty (Range) 

Remarks on Leaching 


T-tronp flfftd leaching [granule imprfigrtsciari process involving cur In £ J, 
Nu oxidant added- ?5 - SU^. 

rot appll-cabla. , 

Grouno on= ta prone eted in a LBUiay'llltJ tube, than fmpragttOtad with SOS H^SO in & grany Utioti 
drum ^r 3 hours aNd than: ground in o pebble mill before repulpins wi'-h water to wash out 
a IloI 11 zed uranium. 


Solids/Liquid Reparation 

Clarification 

Solids content of preg, soln 


Stnftla StBBO rake classifiers to affect prior aeparctinn at 15nmIcrona 

S-stoge rnko clfiasi'-fiera ^or sands Wtt*n'infi. 6-stags CCC1 in thtcksnurfl for fines r 

5and clartfiera, 

r _ 20 p r p,n|. 


C on enn t rati On/ Purification 
Configuration {£>:, 11) 
Resin. /SnLvent 
Elution /Stripping 


Solvent extraction in mixei-'sct tiara. 

4 stsgaa astractinn. '-i atagea stripping. 

Tsrtiary amine ftOlyiftti 
3d d J i jrr. carbonate. 


Precipitation Typ-e 
Drying/Calcination 

Product 


Precipitation w±l:h snrJiuin hydroxide in stirrnd tanks. 
BOlt 'ype dryer. 

Dried ysllawooka (ntiUlu-i Uiuranatel in dltlmEu 


Unusual Features 


Remota iQC'at&Ort - Hifch trenaport costs, special protection for equipment e B btlnst aolar 
radiation. Strong nctd IiuhcIi proceas and equipment: nf particular interest - 

april 1B7( 
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ft 1 <■. ■ "I If » A 



ffrfn^r'/l^iordtdr 
Itigi M r ExplO'ltiatlcn 



I" O^uilj..) 

Production (Knngti) 



DtpCnft ur" rypo 



Uran I f <!-roun Minerals 



(Hli^r HlneraH 



I 
il ■ 



tlanNmn , N^>F iwnttifMriJ -( ,n.: . „ | „ RRMfr../ --UHMftrKU Wnlafi O'Mouta IOd ■■' 

Nnw i» I rtiit (iMF-wiJnJHd fti[. ntnrL-ii|i 1Q7A. 



nio-ii ■ ?noo t/d. sflnp t uvb. 



BandftCria - altornflta layars of compacted, interatratlfleri candatono iind clayt. 



SendatDnaa contain pitchDlanda ane| r^ffinite. 
CJayn ccntain org^no-u rani urn i:ompounda. 



Pyrito h hnryha^ hraoll(io H High- molyodanun mntsni 



Mining 



Uni.1n r^round ir-lnlng. 



Sorttng/fli&nding 



Pro con cent rat ion 



No preccrienrilirotian. 



Crushing 
Grinding 



Primary eriiah'in"£ only ualna Jaw cruan^r, 
Single stagL; semt-sutoEonciUa IdryJ mill. 



Pegree oT Coniiiiiution 9 ^ minus eon microns 



Leich type- 

Oxidant/ferrperature (Range) 
Leach Pulp JJen&ity (Range) 
Remarks on Leaching 



Solicls/LiquitI Separation 

Clarification 

Solids content of preg. &oin 



Concentrati" on/Puri f i tati on 
Configuration (5X, IX) 
Resin /Solvent 
Elution /Stripping 



Precipi tai:ion Type 
Prying/Calcination 



creenotia-i prQQ.eea involulng curing!. 



trcjnjr GC id inaeh (p rQn ulo : 
Vadium chlorate. &J°C. 
Not tpp-Unah la. 



Gre la I rprcgn at ed in H E rar,ulation dhmj than cuj^o on a horli:,N t al canuajWr belt 
zrwise as for Arlit, 



filtratturt using horlscntal he It flltara'. 
L:n*nrio„' colaing wj"n antMrncite ^OBl. 
?D p. p.m. 



Sol^nc axt Motion in mix m-:>e ?.t lera. 
4 atagd: excractlon. -1 r-taga atrlpplnR. 

Tertiary timine solvecL. 

^[^iJii.rn chlqrlUL- ;■: I: t- 1 1 ■ ri I ! i ^ Im- -j-jin !.i fn, ^.ud.U 



c^rbonote st. :■ J no i nj f-JJirjn_ f _ 



recipitdn-lon with MfTMti Ln Bttrreu tenk&. 
fi L c*ti | iiffli; i on dryer r.li i ini ■ - - ■ i i 

U itin-nih'ii.n) Ln arurrii. 



N nLciijfl I features 



lnna M ,n,l 1 1 . ,|, i, , , .„, „,,, , ,. Ll . f)| ^ ptMil , 



I'ui nu [ u im r„ ,-i ] 

April I 









3 13-3 


1 ft l.i U R A Rl N 


1 ^fldn * ) 


N]lil ft 


Owner/ Ope rat or 
Stage of Exploitation 


Ni^ar &overnns-nt + Conoco *■ Oogama. 

Ore p fc ceaa lr.£ inv&atigaticn and planning In p i-agrii ha t Inrjit dot! for it L n r h - up 1BdV/H3, 


Grade {Range) 
Production (Range) 


D-1S - 0;1fl* U , 
MOO t/d. 3000 t tM, 


Deposit Ore Type 
Iji-aniferous Minerals 
Other Minerals 


Sand&tana - a en cat one only containing nn clay. 

L rtWOJJ I ixr r; . 

-hrvnotnllw, h<*rmatuniUi c ha. 1 ctuslt e t 
Natural MftiltH and capper mineral a, 


Mining 


Dpttfi pjt mini n 5, 


5 r ti ng/3 r e ndi ng 
Pre con cent rat ion 


No aortlrg. 

Nd precnn cent rot Inn. 


Crushing 
G r"i ntfi Fi'5 

flegree of Comminution. 


No decision yat t 
Nc decision yet . 

0&^ tnlrtLftt 000 microns. 


Leach Type 

Oxidint/T'errperaturH (Rings) 
Leach ?ulp Density (Range) 

Remarks on Leaching 


Acid learning with high Lurmlnal free a^icllLy Ma e/U, 
Pc^aaaiutr chlorate ► 6S C. 

B.Q - G5£ solids. 


Sol ids/i-i quid Separation 

Clari fi cation 

Solids content of pre-g. aoln 


horiz cP-t 1 ne]t filters under consideration. 
No decisic-n yet. 
< rn p,p,trt f 


Concentration/Puri F1 cation, 
Con Figuration (SK, IX) 
a«sin /Solvent 
Elution /Stripping 


SoLvsrt extraction in rrix or- sat tiara. 
4 atage extraction. ^ aoage atripping. 
tertiary amine aoluant r 
Sodtufti LhJsride atrippiflii 


Precipitation Type 
Drying/Calcination 

Product 


Precipitation h-ltr magnesium hydroxide in atlrmd tanfca, 
Nl dCtiaifX. yO-t Ofi typn Lif i::ycr- r 

Jrlad ytlllOWCflKt [rnacnaaium diuranatol. 


Unusual Features 


April 1B76. 



Dtfntr/Upnriitftr 

Stftijn of L-KploiLfttlon 



■ 1 1 .1 1 ii ■ (Ring*) 

Product ion (RAngc-) 



Ospcilt On? type 



in vinl fi?i"tt'..s Minerals 



■ ■■ 

. 1. 



I"' ■""! HVNl l^ll l»* 

I ■ ■ '■■■ I 0| 



I .111 I , 111: I ll M . 

PTdbotil/ 1400 - 1BD0 t/d 



and mop - 1500 t u/a F 



Other Minerals 



So^ting/P lending 



Plhe'con -cant rat ton 



Crushing 
Grinding 



Decree Of CLuniiiin'jtinn 



Loach Type 

D* I dent/Temperature (Range) 
Leach Pulp Density (Range) 
RffHlBrkS on Leaching 



Solids/Liquid Separation 

Clarification 

Sol Ids content of preg* soli 



Copitontration/Purl FI cation 
Configuration {$>,, ttj 

Resin /Solvent 
Elutton /Stripping 



PrOG.1pitai.1on Type 
Ury1ng/C*ilc I nation 



Unuiuai l-'onturei 



Daffinit&H PitenlJlMda, 



Pyrite, High in molybdenum;. 



W3 ]] on Opsin pit nl 



Uq p recon cent rat ion ► 



NuL, -Jariieuti y«t, 
Not decicec yet'- 



Strang acid leach plus cnnuentlortan pnid Hififlh. 
firmer i urn ritrats. SO C. 

00 - 05^ roT'USy 

15-30 irj.n-j-ttifl rwa 1 a sn ce tine for stL-cng aclc (granule ircragnatlon) leach follOrtec t 
hours rcnvantlpnal acid ladQh a r - lilgH tcmlrifll eciOfty tna curing aiup]. 



MorLZi:i|.al biilL filtar: 
Not decided yet. 



Solvent e*trection in miner- Eett lera, 

1 atage extraction, L atages a^ripping. 

Tarttary amine aolvant. 

Sodium chloride for U. Bodlwn car^gnatt f^r n a stripping 



Pracipitttlcr. witti nagnaaia in atirrad tanka, 
Ngt JeciUflO yat ► 

Dried yallcucako I mia,n an i 1 1 m ulLrrannfol in drum. 



Net* e Aung* )n»Lii 'inl li.ii «n|.|-it tit nli^[i|N ■ pf u,J KiM, lllll 1n InJtlrtl rstntjuh. 



April 1H/A, 
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I29 



p. n n i n 



v a ?, i r"e e r a 



I I'nllttUttnJ 
If "i I- :■! 



BttJTH iwuu.fy 



Owner/Operator 
Ltage of Exploitation 



Grade (flange] 
Production (Karuju.} 



Deposit Ore Type 



Urani ferous Minerals 



Other Minerals 



Sort iny/B lending 



P ™ concent ration 



Anglo Ams-rloer Corporation / •Jaal Raofu Eifc Ldrn'tiBn end MJnLh E C&mpariy LUlI, 

Origin*! Vaol Feefa uranium plant 1956. EW Introduced HVIi. tarfiad With w"i i h l.u m lir \>\ ■;■ 

Waat f-nd Cast uranium plants extenOnO and new South plant 1 H / V / ;■■■ I 



cn.n.54 u„u 



36 



WBBt plane no oon t/dJ; Has: plant 17000 t/d! . South IBCOO t/dl 
tal Uranium prnouotian far tlm Lhi-gg plants t 1D0D * 7000 t U/a 



Cpnglcmaratu - uranium occurs with noid In quart z-pelitily cong 1 erne ra t B a- tn thlJ Upper Ulvisltii 
cf tlia 'ni twata m ran c Sya tern fmatftly Vaal Peaf) 



Uran.in ita . urannerite 



Sold f/najar], silver, quartz, pyrlta 



Unawground anc reclalrtd anapa from aurftiep ^cumulations 



Crushing 
Grinding, 



Degree of Corwni n u ti un 



Leach Type 

Ojtldant/Temperature (Rantj^O 
Leach Pulp Density (Rannje) 

Re-marks on Leaching 



Solids/Li qui d Separation 

Clari Pic*t>on 

Solids content of preg. ■soIfl 



Hand sorting 



le&vy madia lapwaiim plant cpflrflMd at Eaat Plant dU/pih6 the early 10'jjjj'i, 
station for pyrita faster so:c cod uranium extraction) n t Eaat er.d Wast Plant! 



Jaw for primary cuna cruahers. for secondary ami tertiary 

2 stage Grind in closed ctfouit With ayclanpj using hall and pw&tjla mills 



150 



-iBU-*7S -75 M m 



w£ST PLANT 



Acid Iflogh ir air ajjjl"ta±ad 
chusas 



z ataga Filtration in rotary 
drum, uaouarn filters 

Leal' clarlf lot's end old Ion 
BKEhana* columns 
2D F-I--':-- 



Ctmcentration/Purificatioii Solvent Bxtr> 
miner settle: 

Configuration (SX, IX) 

Resin /Solvent 
Elution /Stripping 



Precipitation Type 
Drying/Calcination 



unusual Features 



ittdfl IPurlexl in 



I'rii-tiary amine aaluftnt 
tenure list? p*l ammania strip 



F.&5T PLANT 



Acid leach in nlr agitated 

pactiuc&a 

n:Q £ / S0 D C 



C a nfii notion of rotary drum and 
horizontal belt vacuum filters 

l-uaf clarifiara and eld ion 
exchange coluinna 



Solvent extraction [Purl^x) 3n 
i:-.: xeir Settlers, 



Tertiary amine aolvant 
Controlled pH amiTiCnia strio 



^UUlH PLiVl' 



"^■ld leach in ait' ei^iLfltod 
pachucas, 

Nn0 2 / 6d°C 
[lO.I bo lids 
Revaraa Lq^m 



!j staga CLTI circuit with co-iv. 
i:h i. k it. 



ha elax-Jf l^^tioi 
20 - 10nn p.p.m 



"ontinupua ion B^Cti«Jte !'ii 
C1H1 f SX In Btifflex conflg 
ilK : ftosorotion colunn . II) 

cpnpib^r, fi" L ut^On CCljim.j : J 

^nambfir. ^x ; 3 jta'aes a>;tr 
3 atoe#S uoruhbing * 3 at.rfi 
C-ooW' strong-Saae realn, re 
amine solvent . 
1C£ 1+jSOrt elution, controlli 
! ri fii-lti iiJ.Lin 



Urnniijm p ra cl p Jit fttj On with ammarila £ s In ccovantianal jti'Crtd ta 



VellowcaKu iil^irry tranaportod In rood tanKera ta control calcining plant {NLJFCDfl] 



Ltirge&t gold hUinj [ n the world In tyrmt: of tannage traatgd* After 
largest singla inrvn 1 1 im prpducer in Sayth Africa 



oomnda si oning of South plant. 






I I I 


AN W w 1 L 11 


1 1 'ni ii vint 
CUIhhI UitwotHmrnnUl 


■ ICIIPl Ii quii A 


IWr.,..,.'M|H. rj (|.|ir 

Hit* of frtpl&ftitlan 


Artjilo AnwriOfln ItorpgratlnnV WnUtBm Dnn|i Uwiih Ltd. 

uriulnal n^ont atari; up *S?fi, Expansion 2DUI1 t/U LQ. LIOUIJ t/d 1U^H/'UJ 


i (Hitri^uJ 

Product 1 en {KfrngeJ 


* CDS* U_0 

nfjoo - inoop L/rJ 2UU - 5Qa t U/n Cef'tflr nxpnniiicnJ 


iiH>|iiM H ii '.in' rypi 
ll^nlfBro'us Minerals 
ii'iii'i' Minerals 


CcTiglomarete - urcniurn &ccura with geld in quortH-pubbLn f; nn k J ■■"ii" ■ r/il- 1 1 1: in I. he II|:|mii- 1 1 L u I >-• I ■ n -■ 

of tho Wltwatot-arand uyatam (niotnly C*rpDh Leadur and Vanteradorp Contout rtufnl 

Uranlnite^ thucnolite 

told Imajor), ailver (minor), quartz, pyrita. dDlomits. 


V I n i ng 


■.Iriiluj-aroLJhd and reclaimed 3lin»sn from aurfaca accumulations. 


liuF'tlng^JlDhdlng 

NrtcancBntfi'tlon 


Hand sorting* ncpliarrot rlc sorting under i n y mi »-i u«itl c*i , 

Screenine at 3mm ra a Lilt I In uc^cent ration cf GQ^ of totel uranium i-\ underelze fraction w^iJnh 
rPDr*aohts. only 305 of maa-a of run-Of-ralne ore 


t rushing 
' ulng 

Dttfp'rt of CommlnuHdri 


Jaw for primary. Core curaherr for aacoridary and tertiary. 

?. tt4t# grltirj. Bail rdlla in closed circuit tJlth claa&lflars Tollcwed o^ p fib 0-1* nil lis In i.linim 
circuit with 'lyrlrtjcyclunos 

^150 -T5D + / , 5 -7E-V.TTI 
11.7, M 32,5 


1 esch T^na 

kl (tortV r*mpfl r-fl t u rii ( K an <ji> J 

I li l^uli) Penni ty {Ran'OB') 

i 1 ki tin Leadilng 


Acid l&.fl'Dh in Blr agitated pachucas 
hVio ? /sn c r 

BO - BSl a u lids 
Jisvurnm leech 


ViMUs/LlquId Separation 
CIlPlflMtlOA 

"uiihl'i iiuFhtant of preg h soln 


P-ntxiKu riUratlrjti in rotary drum vacuum H ltara (CLU proposed for extension) 
Leaf clarifiera. Presouru preenat filter 
* 70 p*p.m. 


Cont'ont'ratlon/PijHfkfltJon 
rUyLrration IW, JKJ 

it vi in rtolvsnt 
i rni. him Stripping 


miluunt ejtti'action tPurlex) in rdxer auttlors 

A tjtagun \iy traction, 4 etages acvubblnH, 4 atages stripping.. 

m i i .ii y nnil .iilv ill 

T.ori h ro 1 lnd pH flnnonla atrip with ammonium aillpHati recycle 


I'tol1|1I LflHtHH rype 

Drylng/fiiS ii 1 -an 

i',,,-'.,i r 


UrflTViUffl ptMClpitflted wlth'NNg aon In cnnyuntlonal stirred tonKs 

Vellowoakt ft lurry trapuportodi in m*d tonhnra 1.u ooratral calcining plont [NuFcLNJ 


UnUfUll ■ !'fl lures 
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!31 



ft N o ■■ , i 



Ohmer/Qparator 
Stage Of Eilploftfltfo 



Grade (Range) 
Production (Range) 



Tr«n&unai 

tfl.Ml liftllll 'IhClllJ 



PraaLutlon. pljm aLort-un 1{i?S. 



.hi ii< /■.! iv: ::j.. 



Depcsft Ore Type 



UranHerous M"i ntrsls 



t n.ostu, o 



J 3"a 



j^!: i^rtto/lm"- ;„;'% S;"" "™°"f •'■ «sd t/ d P „ caasM t „„ u£l , ^ Lrantun fBBjt> 



i^feS^^^*^ 



^ronlnita 



gclrr) nf 




-1fin^7& 

2B r n 



Degree of Comminution 
Leach Type 

lead, Pulp Density (Range, ^ 
Remarks on Leachfng 



teld leach nf „„„„ „ sdM6lS , Hl j ln tf^fafed „«[„„. 



Solids/Liquid Separation 

Clin" f. cat f on 

Solids content of pnjg. soln 



Z Bt ORB filtration ln ^^ ^^ ^^ ^^ 
'■iiala atnge up«tfJ sand cJorifl&r 
C2p 3,p h in. 



Concentrati on/Puri f 1 cation 
Configuration {SX, 1X) 
Resin /Solvent 
_£lution /Stripping' 

Precipitation type 
Grying/Calci nation 



50 1 VBJ1t "traction tPurla*) m n-ixa;- aet |- B ^ 
3 *ta»* B ytr HCC iana < so^bolng pn'd J stripping 
tiajry flrine Sfr.lvBr.L 

■h BtFip ri«th a-nnpnlum 3ulphefc B ra^cla 



Urnnlurn pre~t| 



Product 



Unusual Features 



Citation i^ jfl. fiaa m cor^ptionaL .tlrwd fitffe 



f " lM " flIur " trmm Jn - ««- to m& »^ plflnt ^ 



-arga s^ala Mel aran.tion nf raaidun ri*m. id 



Decomb^f 1B7fl. 



i i ,| a 



*NHQ i II a N u 

it»l l=n ■'.:. ,i ■ 



Own«r/CJp»i il 

■'■■ '■ "i i ■< i ■■■• 



i'p '"in i '.mi (Rsnej*) 



|i.||iiiMl. Ore Ty[Ht 



i rtirous Miner* |j 



■ ■ | W"Kn 



Mfflo AmariDan Carp./KmidJini ., , ,., ,, ,,. ., , , „, . j(lhimJ 

JHMl i,OHri.nii,pnnd ■\U??/ti\ «» fno*. ptl[n |; r Mr j^,, MnL n llur t tonl itarw. P ™ 

foifairiBU ut^ijum p^ducad from Pmaidur-t Brand, taB Statu Ggduld, UutMn holdlneo PrGBio.nt 



■..in ..=«^t e - urdniuffl affair* with gold in quart^-pBbtlB flCfijlaiMPatSi in tn, u PP ar Ulvlnlcn 
of the rtitwatanrand SyaLsm [mainly HobbI, Leftdar ird El^turs. Raofg) 



OEPntr Mint' rail 



Mining 



SartliHj/BienditHj 
pHfCwicentratiort 



Crushing 
Grinding 



LJrcninlte, BrHnniplJS, ThiioeJitfli 



Gold [major], ailver, quarts, pyrita^ oyrophyliU 



Moativ reclBl^rj oli-Tes frflm 1 
plant* tcaatad for prafiium. 
Undfl rjround TdriingH 



^r-faca occuTul attune hjt nam cuirtTit rs-Bicuaa from geld 



J aortinfi a- tha various E old min ui thao pro^da Faad to Che Joint rfetallurelcfll Sch N1 

Flota:tan at pH 4 rfth eodlum rercaptcoanjothiazale oa collettor, ar.d T^a aa fpothor 
ia uafid to prodL-ca pyrite Concantratoa that are acid laa^ad for uranium race^S- 



aw toy- nrirnary 



r;or B cruaher= ."or st'ewidary and t.Rrtiar; 



milling Bf:lnd r ° d ' DSli ""* ^^^ '^ H5 in Cl ° aed Clrcult '" lth hydrocyclehpr. Mao run-Of-m 



Digrfti of Comminution 



Leach Type 

Llnlftant /Tempera Cure (Rangu) 

Leach Pulp Density (Range) 

Remarks on Leaching 



M5D 



-15Qt?S 
22 ( 3 



-7!ium 
71. 5 



ftoid laachlr-B in air- qjitated pa^hjcaa 
rind„ / cU - B5°C 



SoUcls/Llttui-d Separat i on 

Clarification 

Solids content of preg. soln 



Con centrati on/Purl ?\ cation 

Conriifuratfon {SX, IX) 

Rllfrl /Solvent 
Eititlun /Stripping 



Prfcipitatlon Typo 
Orylng/CaldnatloFi 



1'f.o GtagB filtration in rntary drum vacuum Altera 
Gravity ■Saflimantatton -folltwad by pt-nsajra prace fl - filtari 



loU'nnt e*tr-3eticp [Purl««J in mi *ar- a B t t le ra 

1 sta B ofl exts-attion, -1 stnzss acrubsin^ A atnasa gtrippin; 

Tarclar; aTdrm solvent 

trcllrKl pM atrmariln ^trip mtu rmrcnium aulphate rac-yple 



ranium precipitation from =,trip Bolutj^ v,lth AH g 8 aa in conU anti B n fl l frttrr.d tonka 
fBiicwoaKa Blurr* iraiTBportitl in road tanhvra tP o^ntril oaioinina plant (nufcor] 



iji^nual Fuaturil 



T#tllliJr|lM] IOQI K lyittm nan b«n clMlttnoJ u, ilUkrlunkH opiti jnd ri^nua. f r ™r, \,, n „™,i 



LJttMiiiljirr IBM 
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•n 



ANGLUVArtl 



I A A' H T'l n i i ■.! 

F 13 r, i i [ H 



FiMmvbii] 
lRJnrMnJgii)J 



Uwrier/-3fwrat(ir 
Stage of Exploitation 



-.1 ■ n ft 



Grade (Ranged 
Production [Range) 



r. R l Q -Tra n ™i Con.olld.it ad lriv WB b™nt /HpittwmtfaiVtiln B-H. Cft, Ltct f 
Urimnol ui-«nlom plant start-up 185^, E^nilpn fi 5 p e/d to ,„ uno t , d ^^ 



boon - m noa t/ r i 



200 - BOO t U/n 



Deposit Ore Type 



Ursrii Ferous Minerals 



other Htnerdli 



%?&z3i&ir&$ p ii«r> «•»■ -***** t t*. u P0 , r , 



Gold (n^JoH E-ilver (minor] quar*zv pyrit*. 



Jnde a ™.d and racJai he d sir™, ***, aurfQce qccLniJJnti[]nil . 



Sorting/U lending 



Preconcentratluri 



; 1and sorting frttf pleMng] 



Crushing 
Grinding 

Degree of Comminution 



^St^t^^sr " ™ m - na ac5d **- ** "**- « — . Iaa 



^ "^ Srln " '" =W *** ** «****«> ^ r * an0 „ shb] , M „ 
n ^^- minus ZOO niii.ih 



Leach Type 

Axidant/Temperature (Range) 
Leach Pulp Density {rian^e) 

Remarks on Leaching 



*£id ]Hflch ih adr Agitated pMhucas 
Farri,: iron ► oyy E en 4mm air / 55 ■ 
55 " BuH anlide 
: arric leach for uranium 



Sd I ids/Liquid Separation 

Clarification 

Solids content of prog, soln 



3 ■ stag. flltMtiai iH r^fry drurr „ acU um f uteri, 
iond Llorlflera 
BO 3. p. I,;, 



Cortcentrati Cfl/Puri f i catfon 
Configuration (5X. IX) 
Resin /Solvent 
Elul]pn /Stripping 



Precipitation lype 
Drying/Calcination 



r ixed baa ion-exchange 
J ataasa ab^orpttan and 1 sta^e elation 
tan vent ion a J til;rori a -bBBe ream, 
finmignluiii ntti-nte Clutlon 



Protfuct 



f 9 «**»*« »«, Ca0 hBfo „, uranlu „ p _ lplL „ tl „, rft „ ^ ^^ in ^^ ^ ^ 



Unusual Features 



tsa* pr ™ usin * s% ** — —*«. - ***= *# fr _ f „„ u= lra ln ,„ r;yc]u 
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hi n | i. .«, n i n i n iii 

• I I, I ■ II 



rul'l 



'.I 'I' I !>\ Ui\K 



■ • nior 



mm nil Hi |« >n«< ..,,,.,. ij ,. tiirt Oih, cu« Ltoi 

l ' 111 ' tian. Drtjjjfial yrt m plrtt »UH ilon nrtd ahwip to Purlas IBQU. 



■-.M.iv (P(tngi) 

''■ ■■ IHimyHf} 



aodu t/d son ■ mnn i- iw'a 



tn^inml t HJr f lypi' 



"im-. M MlK 



1 1 r I ■ i - r Mlptar*li 



g,] otii TtltR ■ uranium nccura witfi £ulct in quart z-pebh le can g Icfro r-a*-ti H Ln ths Uppftr illulttlriri 
of thu Wl liwoter&rand aystam. Inrjinly U^nl ffaef) 



CdId" (majprl, Oliver (mlnnrlj quart Zj pyrltw, Hnl^ml l,a 



UncergrnjnrJ nnrl reclalred allmea ■ 



t(f/Ellnn(! ritj 



i i'i cm i iMil.r.M uw, 



land aortlng [woate picKlrjgJ * photoratrin iacrttng * Hear plthiM£ on waste nurim' 



' in-. i 

I 



imtjnui,! 0* Conmlnutinn 



Jan for pi-Jiiincyj rgno cruchera far seconde-ry and tm-l,i.iry 

:J|hjii circuit rod mllla fallowed |jy pnbhla irllla In clcaed cLrngJf. with hydrnoyclanoa 

/Ci ihI.pue 2GU inoah 



LeAfJi ry|te 

Ox 1 dan t/Tflnpe mture (Range} 

LuflCft P»lp density {Raii^e) 
llDnuriS on Lfuchlng 



^ctd lflflnh In air agitated ziztdiuir. *:-. 
hnCy E5d c fllaQ ferrlc irnn 

- liBl aollds 
Owlcfantn nnd i*c:itl adefod to +lrat two pachucaa Tor FerHr; ^eadh/coriticHjflu* f]n*i 



Solldi/LiquM Separation 

Oftrlflcatton 

Solids content of preg. loin 



;-.Lrt|r-rj fuhratlan In rotary drum vacuum filters *■ 2 a. 7 Dm 2 horizontal belt filter*. 



"imd nlaririere + upfluw aanrt fiVtora, 
2D ppm cc WO pplilp 



t(mciinlraHcni/Pijr1ftcflt1on 
CtHif«n,jr*t1on (SX, IK) 
Rutin /Solvent 
jljutton /Stripping 



■al^ent esT.raDtlon rPuriax? Ln mixer settle re 

fitaEAtt astractlcn. B atagaa Wfubblflg, ^ etages atrtppLn^, 

art lory amine splurint 
Contfcllinl |j|-! .niiiiunlo si rip ■wltli dmiimili.n i-.ulphtitg recycle 



I'ratlnlutlon Type 
Urylhu/Calcl notion 



Uronluir- pTBCipltfltten vlth NH gea ln conwLintlpn«l ijLirrad tonka 



Yulluweahu Klurrv Lrnniip-arted In road tfinKsn to cantral calcining, plant tMUFCOR) 



Unutual Ie*Lur*n 



tavdrna lAsQh oriiuoinl linicinitH'nl 1n,t ruco^Di'y of uranium then E D Id then flotation U r [j^rUv fu 
BiiLpliurlc HSftd I i|.h,, hwitarAal DKldOtion at Fe2*to fe 3 * th solutions roi=VClad In Innnli 



\latiatitim- 1"j/n 
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'I KENIzHAL. rliNISn 



u, fi, I il N B :i i i 

D n I I 



Owner/Operator 
Stage pf Exploitation 



Grade (Range} 
Production (Range) 



Deposit Ore Type 



Uraniferous Minerals 



Ot^or Minerals 



i innNyrtihl 
li tW ril nml Nilf Uiun i ^nuill 



■ M lVf!;n 



Gonera! nintnfc *nd financa CDnarntlunS Utit Hnnd temmJioetad Kinaa Lttl. 

Prca^tlnn, OrHtni>J^ w i U n, P l«t iBSa. Chang, from IK to XX i»/i|. Production tnt.rruptao 



fOi-flS* Li [] 



:".\ 



2000 - 3000 t/d 20C. - 50G t U'/fl 



raining 



^«^»nd ayatan,, [Mainly Mtf% Anarch, *& *i B , r Wa rthS-^5" oftta SErt BiS 5ro JP : 

Jl-aufnitE 



Gold [ninor] silvar [mir.or], quartz, pyrita 



Sorting/Blending 
Preroncentracion 



Crushing 
Grinding 

Degree of CofTiiiinutfon 

Leach Type 

Oxi dan t/Tempe rature { Ra noe ) 
Leach Pulp Density (Range) 
Remarks on Leaching 



Hand =ortln R grid radiometric .ir,rti[ 



g, Wflata pichinfl. 



Jaw far prinary, conft crruahars -Fcr socmdary and tertiary, 

2 at* EB grir,:! in cln^d cim.it with eiiastf.^^, BoJH and ptebfe mi:a 

6D - GSt minua 200 1115.1 



Solids/Liquid Separation 

C Tariff cation 

Solids content of preg. snii 



Concentratl ort/Puri f i cation 
Configuration (SX, IX) 
Resin /Solvent 
Elutfon /Stripping 



flcic ioocn in jStr^B'gCt.dtftd pachueae 

BO - G-G^; aslicls 
Bat en nncrction 



2-»toee filtration In rdtiry drum vocul-vi Altera 
r.d ^lari flora 
2Q :■ . ;j . ii.. 



Precipitation Type 
-rylng/C a Tel nation 



Unusual features 



Solyent attraction fPurlaxi in mixer aftttlara 

Tertiary amino solvent 

L-un trailed pi; aqjngniB ati-Ju with .aiiFTcniun sulphate recycle 



Uranium precipitated with Hh£ BM in cpn^nticna] stirred veasels 



ralJowcaks slurry transported in r 0oC takers to c*ntraJ tnlcinin H ^ icn t (M 



; 



1 ni flrat UWlMW-flKtraOl^ori plant fcc he DMftlHVOtBD in South Africa anu 4 i BD tha fleet to juatlfw 
ruining 4 particular reef aarioa for its uranium [fath«r than its iflldj ccntant. 



UrCBntni 1 197fl 



.1 I *, h 



I. 



w i b r n 1 1 





Ml 

(Mill ihIIua'Ih, ■ 



<Vner/Opurator 
Stage of EKpTaitatton 



tirade (Range) 
Production (Range) 



Deposit Dre Type 



Urani ferous MineraTs 



■Other Minerats 



■ nfRICrt 



Oold PiaittB 0/ South MrlM UbV Uhi > ■■ 1 > H n>i. 

Production, Urtlinal alnnl. 1566-02. PmiRnl; plant ttnrlriil up 1DF1. 



20C-0 - 30CD t/d 200 - 500 t U/«< 



ini] 



SortingyDltuJing 
Preconc&nLrnLi'on 



Crushing 
Gr-indirig 



Degree of Comnlnutfon 



Con sierra rate - urtfi^gm occurs with a^,d ii quarti- p*b¥la conglonwratea in thu Uppar Ditlalon 
of tha «itwab*rDronO ayatem. mainly Cartior- L'oadar and ftntSf/Bdorp onnWet reafa) 



Colri LtriaJorJ ailvariLTdnor] quarLz, pi/rite. 



U-idarground and reclaimed E-llinejn fro^i eurfflc* dncurru Jatl th =n 



Hand anrtlng. ^re-ef picxinfi] . Photo™tr3c: oorting 



Screening «t 3mtn reaulna Jn ccn cant ret ion of EO^ o^ total uranium in ur.dersiza frarLian .,hicn 
raanaartta only ?.7\* or" mo = s of ruh-nf-mina ara. 



Jaw for primary, and cone cru^hera for aecandory onO tartiary, 

o a-uage Hrir-d in clpsed Circuit w£th claa&ificatton uai,i K rJ o, da 11 Hn d pet-ola mi Ha. 



Leach Type 

Onid ant/ Temperature (Range) 

Leach Pylp Density (flange,) 

Remarks on Leaching 



Soltds/Llquld Separation 

Clarification 

Sot Ids content of preg. soln 



&U\ mtn'ui ;00 maah 



Acid iaafih tn air-agitateel pau'iucoe- 
ft-Q-,/ BO - 00 D C 
SO - E5^ iSrfctdB 



Concentration/Purl fl catiu 
CoFiflguratfOn fSXi IX} 
Resin /Solvent 
Elution /Stripping 



2 atagH filtratlcn In rotary Orun varuurr, filta'w 

PreaaLra prscoat flltar rFundDJ . aiatonirtruo^E. eortn precont 

r 1C p. p.m. 



Precipitation Type 
Drying/Calci nation 



Ui L ukual Features 



Sol'jeni Lj^troctior, [F-ut'loii) in mixer fl-Bttlara 

1 Btegoa ntisorpticn, 5 ItfligB.* acrubOlng, fl atagea atrjipplfig 

Tartiary amine eolvent 

I'nntrtiJ lml pM afiir^^ia atrip ^lLh amn^niuiTi aylphflte recycle 



Urp.n tun lirnnlp] Lallan with aramoriin ff aa in cortVuntton^L etirr»n tanka 



YMUiiwi'HK- kUiiiy LBilllp&rtad in road tankers to control coicinina plant fNUFCOS) 



Uacunbur 107D, 
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I 



3 1 4 



J C I - fl,AN':fl'FD.N)SIN 



Owner/Operator 
Stage of Exploitation 



Jolmr 



Tranitvaai 
[ Central end na ft r Wa*t RanriJ 



srxJTH AFHITA 



Grade [FNinge) 
Production (Rangtj 



Deposit Dre T/pe 



rxDduatleri , 1™ uranium plants [nflRii-,, ^ r- , 






uYaniferous Minerals L,,..,,,,,^ fc 

Jranlriita, Brannarita., Uiucolitp, 



Other Minerals 



Mining 1 



Sorting/Blending 
Preconcentratldrt 



B01* aii^r NiHn^r), quarts. jtfHfc- JeucoM . gaethttB . ltr ^- e . ch i DrttB# £Bmr . ltB . 



Crushing 
Grinding 



Degree of Comminution 



Nn prtficrrbBh-t'Patico 



»i : j-:i.i: iiin!. 



Jdw far prjmory. 

l^n stegu in ol( 

u&ine bfllL anil ps-bolo milla 



tana crunhara fur secondary 
Iwn stagu in cioaao circuit with claasi-ri 



catinn Single &ta a a ^mL- ijUlpfBnciua ffdlllna in clatitf 
circuit with claaal ft catlo^ cioaet 



Leach Type 

ni dan t/Tempe ra ture { Range ) 
Leach Putp Density (Range) 
Remarks nn Leaching 



Acid l E a=h tn air aeitatsd pacVuOo*. 

ma 2 / 4$ - s5 D c 

3.5 - GO* sulias 



Solids/ Liquid Separation 

Clarlfi cation 

Solids content of preg, soln 



C on cent rat f on/Purl f i cation 
Configuration (£X. IK) 
itosin /Solvent 



Elution /Stripping 



Struma BteBH m-Sr-attbll in h oriental belt ^num filers 
Partial clarification in lamella thicKener*. 
20 - 1Q03 p,pyn>. 



SnflfiUMttnn? ^"^ ^ P ***™ ^^ ** **»* "hastier, i n E lueVBu f f ] ** 

■ ■ruhMn* < ^32% Sp^'.° b3C1PtlCTli *** ^ elutlu "- ' X: * <**£« -tracts 3 , t , SBa 

CohViHttdriaJ ft**,**"* ml-., f<£ CU, fert^ry ar*n* aclugm tor S* 




>nip strip for S* 



Jraniu,,, pra=i r f tatlcn with NH^ E as m conditional stirrad tonka 



Vall^oak, slurry hranap.:- tB d In roan tanhara fa antral calcining plant [N^BOpJ 



ill I II II n N II M I H I 



'I L V V 

.' 



m rOptffttOr 

■ ugi of i npiott*i n"i 



ft«tj Mlnwh I td / hiv ii 

Orttin« mniii. \-,-.\ i'i' Pl Haw planl n/i:. flNo.of.H ,i,'i rftuahMit ohonuau iflj? 



Fit mln (PTaiIum) 

i Ion (NiM^ff) 



|in|iii«1l Ort Fypn 



ii. ............ n ,i, jnojor] 



"Ih.i. Hi I-. 





■■ -mnl | 



:: I II 1 1 1 1 n, ,.. 



■IKlll - GLinn 1./rl, 70(] - 5GU t U/a 



:.m ; K luii^r'ote - uranium oc(iU[= wil-h gold in Ljuac-L^-^wbSla con £laiu mts g im tha Ltymr Piyiaior. 
oT nnu UUwoterarand ayitsm* (Mcdnly L^rbcn Lsader and Yentarj flerp contaot rettfa) 



ilJ-flntnttQ, uranifot-LouG carbon 



tiMlllig/Hltfnillng 



i' "mlratian 



a) Major £cr.gue rrdn&rfll& ; puartz, mtcoceoua iiljcata& 

Li) L>f cconolric itnpsrtonca i fiold, nilvarrallnyad with gold]. 



Lhttarground and rBtLatttiied sliraa Prom auffncS occuirL.latl&u 



Ccwhlng 

Dtgri* uf CotinjiflutlciM 



I.i.mIi l.ypp 

n \.l 1 amoo rnturit (Hange ) 

Lt*th Nip Qm^i ty (Range ] 
HUTHInVl on inathliHj 



Hind :ir)rttna traof ptOhlltgJ 



Snreanin B at 1Qmrn results in can can t m 1 1 on of &04 of total gr fl nlL«i in unrJarsiza fraction wliic 

'.;...■ ':l l - I .'.'■.' IN: Of ■:!■.■:: II i' : n nf-mlna (.H:. 



a- cri> & hara for orir^o, atandard and shortt^,: croah.j^j for aoODrwtary and hartiar^ 
Primary rarj n4U 8 and aacondary pahble nr ball mil la each in cloaad circuit with hyOr^yalcn.B. 



Acid loacfi In air-ofitated paehu'Das 
nG / ambiant 



'in 1 1 rl>/|. I^uld ^rparAtfion 
OUflflMtlflfl 

'""Hilt Mintmnt at pnjg, solrk 



NtrlHttVPuHrication 

Lunfl juration (SX, IX) 
Hoi i ii rlplMAfi 

Hiil him /stripping 



PjrrelplUtlOrl Typu 
Ur.yino/CalclniiiLHi 

lui ' 



circuitB. Ftrat conalatti nf two stazaa fllLrntjnn in rotary d:-um vacuum lUtun, 
bait ftltera. Suoond [alimea raelflmaflnn circuit) la G-atoge CCD in conjnnttcinol 



■^Iflrjf icacinh 
?G - 1QD0 p,p.m. 



L'ontlnL'Dua inn e^cnanga [NInLilKj nnd SX in Eluey/hiu-Ff ip K con figuration H 
LUX has ^JnR]a ataga aba c s-p tl on . atnijlg ^taga aliltlon oabJi continuoua 
X naa 3 nta&B a axtractlo,,, G , taE aa acrubhlrrg. 4 s ta R aa stripping i Bt ^ BDl , 0Plt „ aanfr| , t k , r|i 

CanJarttlflnal fltranc-Oaee Jtmln, forttary dining adlvant. 

a atrip fpr SX 



Unumal raaLurak 



Uranium proclpitotinn with NM ^m in convantionrtl oUrrod tanka 



^oilD^caKtt nlurry irBfll^DCtid In i liml l.nnhui ■ , ,i ., :. i,.| , a t ,i^i (Uurl^R) 



I'irtvL plMi.i ■.,, : n.,1', > . hiLwIiiml Hniinvnkarni for <i I L 

ratjiamnUon 



IklMJI^H.I lil/JI 
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B M 3 P|;-I H £ 



iu r [id w r 



Owner/ Operator 
Stage of Exploitation 



Grade (Range) 
Production (Range) 



Depo&it Oru Type 



Uranlferous MlneraK [najnr) 



uranuu frne 9t*t* 
tPraa Str*te GnlUfieltlH] 



BQuTH AFRICA 



Hand fllnor: Ltd/ hnrrony 3 d r\ £ c 



i the Lpper Lampion of 



Other Hlmrals 



Mining 



Sorti ng/B Tending 

Preconcentration 

Crushing 
Grinding 

Degree of Comminution 



Harmony ( ? Q n - QQDr ,/ d ], S^Binifl IGDOO - CDQ3 t/d), feieaorUEt L?UflC ftnrn wh, 
Tata, uranium p roduction fcr Q n 3 nIW ,n C - inDll ' t jy, 5 ""'- 
nonglumeratu - uranium oopuM with vrld in lll „, t7 . nrl „| D , 

the toate^d ayeten S2,g*tofS? ^^7^)™^^ 



5! "^ Dr £qn f ua ^srals , au fl rt. H nrlckcSfiua aiaitf&sM 

h) D-T economio important ■ Gold, eiWt alloyed with go^ci?. 



Underground ano radiaiwd Bllms from aurfaca flCMJmuletlnrie 



Hand acrting (wiaata eventing? 



Nc prec tin cent ratio 



MMruiNVPLfWT 



Leach Type 

0x1 dan t/iaiiipera tune (Range) 
Leach Pulp Density (Range) 
Renwr&s on Leaching 



law srushura for" prirosiry, icng 
iTUShar* for iinccndary and 

tertiary. 

Two ytoge, m-ind In oloaeri clrcuii 

with D*»H±ft9M uainj hall and 

pubhla trills 



7\1\ rdnus £00 ntn 



ftcio leocn In Bjr^aaitetacJ 

PBCnuCBS 

<ln'J 2 / ambient 



•:::->.i,:\-.-'.\ plant 



law. standard and BhflrthSiMl cono 
crushing 

Two Bfcaga in Knri tor Ball) fbll- 
cwbj fcy oebule milling - r^ssd 
circL-lt with clasa.1riara r 



i i-"iih-:.h- n.,-:i.-:rr.r^i.i i p,_.-, r ,". _ 



•Tow, standard ono SrlfarSwad conn 
if-Unhing 

Tw C ataa" Rod n nd Fabble mdlltng,- 
CloaaJ circuit with r.loasifisrB 



63t minus ZOO 



GOS minua 7(]D 



SoTids/Llqulcf Separation r atfl * H ' ftltc,flt: lcri in rotary 
divn vacuum filtsra 

Clarification 

SoTids content of pren, 5 oTn 



C on cent ra t1 on/ p u rl f i citf on 
Configuration (£x, U) 
Hesln /Solvent 
Elutjpn /Strf ppl n g 



PreclptLfltion Type 

Drying/CaldnfttfiM 
Product 

Unusual Features 



*asln beds In old fixed -bed 
ion R*c;-,er S e column 5 



Actd lwflch [fftrrie) in air 
ag It at no oathucaa 



GB^ dolica 



2 ataae filtration In rotary 
drum waejjLim fiXtera 
Sarni clari-^ierE, 



9X[Puri»KJ in purp invars Dn d 
*et i lero 

A stages BKtfflctlorij 5 Bta E f(& 
acruotjing, i\ ^tagaa stripping 
1 stage anlvent regen. 
T eritaiy amine ealygnt 

Cnntrolled NHg strip 



Urantum pxealp. vftth NH 3 yaj, in 
ccfiu. ptirrad canft.s 



rcn-exchango In -fivrtd-ted 
■:■':. .i..\ ii!. 

? BtaunE on flciBorpticn, 1 elutli 



Ccnvgntionol a t sxng- aa n reath 
Amrcnium nitrata e-lutton 



fold Jeacr, [-fBr'rtfi] in air 
agitated pacrusea 



BD - 65^ aalid> 



Hcci^^nta] he It vacuum filtera 
Nc -rlarlfanatioT 
> ~ 10CD O.p.rr. 



tritBr-iKolatij Impurity ppt. with 
CeO ft)Uv*Bd by uranium ppt with 
prnrcrda 



HontinuouE ign exchange [Nl^ClX] 
" BX in Qufflex oo.ifiEjuration. 
CIX - 1 AbacTptiari, 1 elution 
cot>i oon '.in Lous, 
5M : J s'tagea s^tp, 5 ata^e^ scrLti 

amina aeJvert 



4 t.i aiTi -nonia 



L'iro-ilun at-ocipi-ation with KH» 
BflSin pp'n.v, atirrei.' tariKa 



"^ '" SlUt ^ W»pDrt.d t y rnau Lntar u rilttAl oa lci n ir, s pl mt INUFCW 



aecarrtnir 19?H 
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mil Ml«l ■" 



(Vrnr/Opiritor 



■H»,l. (Ilariltn) 

i' 1 Ion (Hi«g>) 



I'- ■'"■ lypi' 



U tumdui Minora Is 



1 Mlntnli 



H g 






"'" " I I»W« ' rta »™« 11 '" ■ in ■■.!.. ...... Ntntni l.™,.«,y". 



i..!»l« UjCj lalj p.[>.in.) 1, .,1,1... 1 „„,| j,i. u.H i.iu. 

^Iii.,x|..inl.u]y 1 pa t U/*. 



CneonulM - til PlinJ.burv,. Cow lit csn>l>l.g of nyrnjc.nl w, nyjnlto. and a Hntnlj; lontid u. 
of brnnngniaiuvii nnrnnnntiw unlnh la aurrDLiridml ny a BarwnUns [nllulns! - mosnotltn - anallLi 
rnnh tart.*d pnnacorlta. 

3ldflJl onnMnCrouona of uranlLjn end thnrlufn occor In tna nhoanuritn and nartJan'ati'to na 
urannthorianlta. 



Canpnr nncnra prlnntpolly aa Dh'fllcopyrlta, Bemtta, nholcnplta, nubani'B 

ano vallontu <!lan nncnr. Ondoelaylta (ilrcofilum nslne] it praamt In srpall omaunii. 



Cnnpaj., apattoa and vmrrdcullta ain, mined on a larai, :jcole. 



'...mi.o/IMBndlofj 
I'rir.onetntfstion 



■ fifthlng 

OrlMIIng 



if Cnmiiinutlcii 



l itch Tjpt 

■i.iil,.n1/ri.r, n .,«i.nn. (Range] 
i miIi Pulp Uandty (Range) 
llaitMrha an Lltaghlog 



lha fio^atlnn tailing frOTi the copper ajncertrator, after daallmlr h , la ^.ibjec^ed Lu ereytty 
oaosBPtratJan 1„ « B 1 chart wa, ho pw « 4U-S0 fntd oon centra Linn of haaw-lrdnarala rracdoil, U 
trail, cone, la fed to aha hlnp tatilo,. „here uran.,-. .-r'n la n-; t , 1: i f; .', n n - hcr ,„ , , r i,.";.,i. 



coraranutlon Df the ri^ nf tl-.a mlna ore tc auout W\ renua zgn-nean la acequate to liberate, tha 
noppar sulobidaa for flotatlnn. Nc fnrih.r 8 rlnoln s cf BtTMO frcn NM oh c ran a L.,„r.l ar.i ta wo. 
1 ::. produoed 



Hdt nitric ecifi ldach in machaPical agitatora- 



No evldnnt added 



^laeulutipn of UMnlufi and thorium occura tut not o^T.iT^cnlutli 

rui L oxides of nitroaen) fmm the lonch are scj-ulibiid rfith ammuhium nydroxMo t 



SuUdi/Un.u1t4 Saparatlpn 
Vol Mil Lonteni of pn»g. s,oln 



t-IIJnE pan fllcora. 
rhic^enar- ► CHritrifugfl far ojariftoatjo 
■: .JQ a H [j,m r 



tionffSdlritl on/Purl ff ca El on 
LllMflflurntlOn (SX, IK) 
nilin /LFiilvent 
i:\ul\tm /Stripping 



Bolvunt BXtraotlQn in mi^or-aettlar^. 

& &LagB aktradtioni £ ata E « ncruO F fl ntnga Btrlp. 

10* TSP Solent, thorluT, arrubbtne with pure uranyl nitrate eolutlon. 
Worm wator for stripping. 



Pmclpltatlon Type 
t>ry I hq/c * < n 1 Hat f on 



fjiidpi tat ton wivh 
5K Inner Rca^t<srr 



nia in atirrad LnnKa- 



L" a lei nod uranium nuncHntrfltdB in uru 



^Hn.i.JJni*'!*. '."*' I '* 1 . n " lrm « tvi r ' kr UPWluin fflonvary in tlis world. Only ttannflnlii tma* ■ 

,M "" n IL "" ""' "■«"« ^^'^ 1- 1 minor by-prorfAioli or GD p^,- p«ESl5 
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Owner/ Ope rat or 
Stage pf Exploitation 



Gride (Range} 
Production (Range) 



Deposit Dre Type 



Uranl ferous Minerals 



OtJier Minerals 



1 Undated!: M*>a) 



£.U.B. 

Zn the evaluation stags . 



Not kno„n yet Lvhat -future praftjetion rate .might be. 



Mining 



ntnp CBval unman t wrjrk in an advanced gtage. 



Sorting/E lending 
Pre concentration 



Crushing 
Grinding 



Degree of Conrninutinn 



schist.., Urant-GrouB * r,e contains email inclvtdu^ lan'.lcular embodies, 
Finu: y disperse pitchblende and ; iraninil e Dr * cq^entracscj in carnonscecua fetfe 
■Juarta, mica h ffclBpara, 



Leach Type 

C^idant/Temperature (Range) 
Leach Pulp Density (Range) 

Remarks on Leaching 



- 



Snlids/Liqij-id Separation 

Clan f1 cation 

Solids content nf preg. sain 



C on con [ rat i on/ P uri f i cat 1 on 
CnnfiguratlQN [5X, IX) 

Resin /Solvent 
Elation /Stripping 



Precipitation type 
Cryi ng/C a Tc* nation 



Unusual Features 



tin details published en ma t n 1 lui^i =a l reapers cf nrg BB vat. 



II • 1 


n 1 1 fl & V fi. N I 


■ 

IUI..H. .. .,1 


MB 


Own»rycp< i ■ 

Itigi ef i N|ji(nt(itiuri 


llDil Btirviy ..i i .ii ■ ...... ■ IM | nri 

I'.ii iiianl; dvuluatiutxn £ou I. ■ ■ . i i thilft. 


Qnejl (lUnge) 

1 Iii'l Iwi (Hang*) 


ii. im:. n. -n; i,^ 
'■i;m 1001) t J/o 


ii.i|iuM i Om Type 
WruH famuli Minerals 
Oth »r HI ii» rala, 


An lntfUiifln bappaiad of an early augita ayanltB- fon™d by strongly parajkaline, agpaJt.lc 
ayuit; ta. U the lattar baing acocrpeniad by hy U ro - he rmn 1 vaina 

atBHr.atrupins, Mnnaiite. Thorite, Eud'alyte, Pyrnchlcre, Rlnkite, 

JrH.hu lihri. ep'tf.tDLita* L omena ovit a . LUMnltfc , nurmnnita. Chk a 1 ovft u r sorenBanite, 
fug^upJ ta, Villieumlte. Tho Lujgwriti ho° platea of microti in« In a retri* ocnaisting nf 
I'lna grained arfjednpnitBt SodoliLBB ate. ccmnrls.n minor corrp onen ta , 


Mining 


UndB7groLf:d iriMns like]y 


Sorting/ Q landing 
(■■^iiiptcintntloM 


Not in ves ties Lad, ii«ri 1 a-rq.t H c scrtlng a Feasibility 
FiotBtiOh baing invsatlgateC 


1. ruling 
1 ding 

Llriljr'uv of C (KM! 1 n u t V On 


CruBhing wi.iS au raqui red, nptoLls not decided 
hilling in presar.ee cf lixiviant lender consideration. 

Net de-iced 


l.tiALh lypw 

nNiiiaiit/Tomperaturo (Range) 
M'Gh IVIp Density (Range) 
lt#in*rki on teaching 


ftlfcalina "preaaui'u leacniRHi Pipe Reactor tecnnlque under in^estigaticn 
Un (under Dra& = ura) / oUO C &'d a^mss Snares 

snt nr,lid& 

"hu p&tfiiblH aatura-uion of rotyalo ablutions with fluoridpa could provida a protlom 


!iol I(li/L(c|ij1d Separation 

Clarl Jlcatlon 

'.ill his content of preg. soln 


Notary dri-JTi yedurtan filters boing WvtRtigatiiid 
No clarificatLo^i 
iin - 10OQ p.o.m. 


C mi cm era 1 1 an/ P u r 1 f 1 ca t1 on 

Cflnrigurition (sx, ix) 

Rllln /Solvent 
Mull Ml /Stripping 


Ciiract prectpiELatian from alkaline leach liquors. 


l*ric1plt<i1on type 
Orylrtg/Calcl nation. 

Product 


H opt undar prur.n.ure of 17i atmc°pharea and at 15Q°r. t r B ^ n i va ^ a hy iintarad W3 i 
Not decided 

utlj tirBOlpUflta 


Ununj»l Faaturoi 


Juni 1«?fl, 
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'■■I i 



h i n y M 1 1 u c i 



Owners 'Operator 

Stage of Exploitation 



Grade (Range) 
Production (Hange) 



Deposit Ore Type 



trranlferous Minerals 



Other Htharals 



LimounlPi 

UreuitUliI 



Coge^si - PCUft + Ce>\ u\;ti ■Uuy dupcta at, ooilBiindti ana /S aetata ImJuntrlnlla dtib flinurulil 

dti 1 ■ JuaaL [SICO] 

Hum. Inn Production, Start up T95ni 



0.1* - 0.-241 U U . 

3QUC - 22.00 t/:i. 10QC t U/a. 



PitchblenDe, (jaffinttsiy BaOugalltaj nuhunite, BUfmil ta :. , jrnn D &p at m te , 
sbcBphuranylitaja and P uranntile* 



FyritB. chelcapyrlte. galena, hAnwUtH, mirHKoilt*, enargica, colcitei clayg. 



bluing 



Srjrting/fl lending 



Pre concentration 



r da yg roi.n i d ind sper pli 



Na p recur cent rat Icr:. 



Crushing 
Grinding 



Decree of Comminution 



Jaw fpr primary, gyratory irurharg for BflCWrdftry end tertiary. 

First lliiu has 2-Btagu open circuit with rod and oall miliar 
Second Ithe na& z-^r.oge trad anrj hnllj m-ills In closed circuit i 



A?4 nil n us 4S-J IKlOronfi'i 



Ith cioB&i^'iuJU. 



Leach Type 

Oxidant /Temperature (Range) 

Leach Pulp De^s-iby (Range) 

fteniarits on Leaching 



Sol i d&/L i L|u i d S a p nva ti nn 

Clarlftnatfgn 

Solids content of preg, sain 



Con con t rat i nn / P u rH f 1 ca t i on 

Configuration (5X, IX) 

Resin /Su.yent 
Elution /Stripping 



ftclU liiachh 

ajdium chloraLu, GQ^C. 

Flrat line - SSZ scllrjfl 

Secard Una - S5l solids -For ftWfl*. 451 solid*, for finse. 

Two parallel la aching eiretlfcfcs* 

leaching rjf sanda ih rotary cr--rn&. 
loaching af fjr.uii in recha- il r.* 1 o r, it at era. 



■ L line - hQEijiantal bait filLarr; fur eanda. 
SecohH Una - r !iLfl fr ari LCD i'n conventional '_'ilr. 
■a =laa&i^iur= fnr sanda. 

Ocwnflou orthracite cqql t& give prftgflflnt aolutlun ulth<ZQ p.p.m. aollda. 



Precipitation Type 
Dry ing/Ca lei nation 

Product 



Unusual Features 



Flrat line - tiulva-nt bk t rect ion far pregnant solutions wl\r, hign uranium cunuinL, 

Second lire - fixed bad 4on Bxcnar, £ a ii\ E 1 us* /B u-f + 1 ax can figuration tlX * 5XJ for law uranium 

ic-iLu-it pregnane solutions,; 

iX - - stags uxtraction, 3 Bt-nftis etMpplng. 

i IX + iiKl - conventional ^ur.figu radian. 

Tertiary Amine anlvant, Convencianal Strang, ba&a rst-9Sl.il, 

Centralize pi I amrnurilri strip with Jimrilum sulphate recycle, TJ\ B-^D/ L elution. 



Lum hydroside for p red p ft at I on in ntirred tan Kb. 
Notary inlle heatad with ateafii. 

Dried yellti.cflhe in druma, 



Idon of dolf, E ;i«nd/slirna aoporaHion and t noting each fraction separatum in the □ptlmum tvoa 
^f equlprmnt 
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■i I n n 'j n i r-j r f ft 1 i I 1 



Irn.HNl 



QwAi^OpvratDr 
i iM|i- ol I M,|jifllt&tion 



QOnQitni* butwrmlw dm HnLI^rwn tuUlddlraa t Cr>fc« nm J /'tin fi I #T. ■ 1(H]UIHH#U» dl PUnal'*li 

qi LTiMmi. (sira) 

■itnrl, i.^ 16BB. mil imnrlim und g f iif fl , Snutdd^n I 'inn. 



1. 1 MM (UflHyn) 



■ i/U, (fSO t LJ/i: 



Dp put It Ore Typa 



Urifi I fffr'ous Minerals 



tllhar Mlnurals 



Pi^^htilenda, oof finite, tordemitej jran cpfsan e , phoaphurenylite. 



Pyrite, chaloop:vrite^ galena, nenatite. quortz, flLPrite. 



Undargrounc and open pit mining. 



Utrt I ng/U lending 



PnicOfLtentration 



NiJCMii 



Crushing 
(irinding 



IllUfllffti of 



jbion 



finery Jew cr'joher^, sflccntiqry 4'nti tCrtlciy gyratory cruanara. 
Tno sl-aaa rot mills in cl&aad circuit, with clafi;-.lf lonhi^h, 

95^ mtnun ■ISn mi;:ran&. 



LeflCh Type 

yxidanl/Teiiiperacdnv (Ftange} 
Loack Pulp Density (ftange) 

llemrtrks on Leaching 



Sodluin cnlarate. £5 C. 
Dili solids, 



S.y-1 1 3&/L iqui d Separation 

C I arifi catton 

Solids content of prog, -soln 



USnH 1 - rotary drom uar.uurr. Ciittr*. 
Line 2 - horizontal Oelt filters. 
Nc clarificaticn. 

2U - 1000 p.p.m. 



Cafle^ntr^iti On/Purl fi cation 
l.iurH iilunttiiril (jSK, EX] 

Resin /SQlyedt 
Elution /Jltrlpping 



IntermeOiote imoority precipitation before uranium precipitation. Solvent Evti'actlon 

SX ha4 1 4t*g*i 4k traction in ndxer oettlerB, Pulae column Far stripping [equivalent tp 5 nta|[«il 

"riOutyl pr.DBphote (TtiPJ 



Precipitation Type 
Drying/Calcination 



Nnl. app]1 owle 
JJot applicable 

Con cant rated uranji nltratu aulutian in MVflkali iffl-niJiu'lNU liy rail. 



unusual Feature* 



Ui 1 1 y nrniiL- IK In 1hn -H- 1 1 1 L ■ I r.ij .ilii 1 1 IP ■ [••* . 



tJitOliai- w/a> 



•\: 



Own-er/ Operator 

Stagp of fxploiution 



Grade (Range) 
Product! Pn (Range) 



f J oi tau 

■ ','lJI Lit I: I 



sarf.t. rniMtri.tn da. «„.**, d . fsatat r=rmi / PBia , lrllly Us i„, kuMini 

Routine production. Start up 1957, 



Deposit Ore; Type 



U rani fern us Minerals 



Other Minerals 



1000 - 12DO t/d BOO t 



Pitchblende, ca-rfJnitej jcna-inl^a. 



Pyiita, namatitft. MuMlte, u.L] 4r tz h 



Hiring 



Sorting/B lending 
Pre concentration 



Crushing 
&Mnding 



Open pit and unesrg round min 



Nc PTft&dnc'fSitration* 



Degree of Comminution 



Leach Type 

Oxidant/ Temperature (flange) 

Leach Pulp Density (Range) 

Remarks on Leaching 



jf* crushers for prim 



primary, gyratory GrtJBhtr* far BBcqfftfarv and tsrii«ry. 
wo ataca open circuit ytth red and Poll nil] 2s. 

S3* minus 4Sn microna. 



■*cid leash. 

Botftgtn chlorate. 6D°C F 

5CV1 sall:l^ 

hUgh terfflliol flclc of 4Gg/l' 



SoUds/tfqufd Reparation 

Clarification 

Solids content of prey, spin 



= at« B e CCD li, QDnWntlunal thi DHanBra fr- fi„„ 

oomnow calumns mtti anthtwdtt coal. 
20 p.p.m. 



Can cer> t rat i on/ P u M f i c a ti on 

Configuration [SX, IX) 

teff* /Sol™* kon,n„tl„n., E t™, E baaa „ 51n , TBrtI „ ry Mne Eolvan ^ 



1*80 baa Loci BxeJiriEB. In EluiVflufMsx CDBfliuratiw 

J " aln B !» sla B e obanrntion. alnEla sues alulion. 
■ 1 stftEB extraction, 3 a ta E a atrlppir-e,. 



, Clutiof. /StripMn fl _ Ins H? 5Q n Hiutlcn . z ont , 0UBd pH aWfl H , plpr>lf>lt 



Precipitation Type 
Drying/fjalci nation 

Product 



Lum hydroxide for uranium precipitation in etjrred 
Bait type drytr. 

QrlaiJ yellOwcak« in flruma. 



Unusua; Features 



* 'III, i , ., N | f, . 



thru i ■■'Hi ■■■! 

■ I WploUll lull 



iuMi- (Ringi.) 

IU,.,in, | Lon s, llfliirjra J 



riiHunj* 



i in i In in 'lulu.- < ♦ CQfflpatnU PwriaiUi duu huiruiH (.rHnflLuiniiy PtJttiinwit Uiirm KuiUnwnn 

HaUl Lull iMNlkxiiLlnn, ftlrtfl. |j[j 111??. 



BtDui 1 1 i ««■■*■ i v i "■■ 



i ftn^ flkPQUI Mlrinrfl Js 



II'Iiit MIih-im K 




iPi-ting/filcrifJIng 



l'i M(.unr:nn trution 



fipuihlng 
i.. i ■ ■ ■ 1 1 1 1 • i 

DIQ I U inn mutton 



11.1? - U.7« U^^ 
SOD CAJ, 100 t U/a. 



Sandatcno - arko&le roika. 



F rancavi 11 It 1 1 j yrutl oci rcit a . 



Opan pit mining. 



Hu sorting. NO OlfdiiiJInj;, 



No pre con cent rat ion. 



hrni-J. Typa 

nmiliiiil/ljHiipi.-roLurL* (IJan-gu) 
Ldm.li Pulp Donslty (Range) 

Ilium, rk* an Lu Adit rig 



■.mi mI'./i ii Vp.iratton 

OUHfli l( 

■I ■ ■■■n! • ■< |HTiJ. ■■■ h 



Ha crushing 
Na mil Una, 



frun of mine ore ie vary flrva - screening and eye Ion trig L&eU tD Attain bIzb cut hfOT ttO | 



I'ic.ld ]anch. 

Nd oxidant qddadh GO Ci 

PO - 40\ flari btoauAa of clay cnntanL | . 



Una 1 - Vnt laachiriB for *00 um 

linn U - Leashing l.i mschanicfll af^t^p rji f Qr -BO Um 



NniiH (s-riBiilnatrol prcpertias maka rattling and ^1 It r*t i.on ciff icult, ) 
LiiJute pulp df about 14 aolida tc LttK h 



1 W MlQtVPuHFtc.it Ion 

« <innuu,rflLloM (SX, IX) 
'••■ i>. .■-.nlvim 
.'■ 



I'mtljMuLlon Typ* 
Ofylii^Cflklnatlon 



UnttiUtl I'iJiCursS 



FfOhtnay Limine Kuhlman CEX (aline fead!. 

SlflBll rolumn -^nt' abu □ rp fc i an , aingle column 4'or elutlon. 

Big Dead 5t i J nn g - 1: a e a resin. 
Hadium chloriiie B.utian. 



fleKHnftJo for uranium orgcipitatton frem cnncentrotad eluata solution. 
Halt typa dryar, 

Drifld yallouQo-Kai tn drmnii. 



■11 Fad UDflaw CXX oolunn 
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C.P.JMJ, - L □ I E R E 



Dwner/OpEratur 

Stage of Explol Cation 



IHoi'milU 



Srada (Range) 
Production (Range) 



Pre^cualy heap Hsoh^na npBratloo for ID y fta 



re. r,pw curveo signal ^Jont 



laiont atortsd up vy/h. 



Deposit Ore Type 



Urani ffrr'OUS Minerals 



1QD t/tfi 1flO t L'/a. 



Oth or Minerals 



Mining 



Sorting/ Blending 
PrecofitEnt ration 



frafiaphanis'j EeicitE, 



It.. (itJrtWJMf, SfwJsmat*. spM.lsnt,,. aolMfta, P(Ht„ Jp d LlLumt™ 



Dpsn 31 1 and underground i 



CrusJliog 
Grinding 



Degree of Cornninut ion 



NO gor-tine. r,n blondln 
Ny pre concentration. 



Jaw for pr. 



^m Qr y Hlld gyrntary f, )r secondary end tertiary t:ruahiti & . 
r*« =tn ? . g rod ond ),*] 1 nitlij ln ^ lD3Bd , lrcult ^h claaa: 



is&if J cation 



$5% mtnua SOU rrilo 



Leach Type 

Oxidant/ Temperature (flange) 
Leach Palp D/ensfty (Range) 
Rofliarki on Leaching 



Acid ipflch. 

SdOIltt, cnlorate. 5Q P C, 

5U=: r;a2ida r 



HcTi^ntel baif fiHor for dewat., r in S nf milled pulp 
jjgpLjlp doiui in first ecJd laacn vbbsoJ. 



prior tp laau^ng. 



So 1 i ds/L i qui d Se naml ao 

Clarification 

Solids content af preg. &oln 



C on con t rat l" on/f urf fi ca 1 1 on 
Configuration (5X. JX) 
flesln /Solvent 
Elution /Stnppfng 



rlori7ontol Pelt filter tflSm aren). 
Downfjdw eoliifnfl with anthracite coal. 



Solvent extract ton in Kmhci mifcBi^flatt'iiri 
4 stage- extroctinn, 5 at*g B atrippin^. 

Tertiary amine solvent. 

Sodium chloride r.t ri pn 1 n>r . 



Precipitation type nogneaio used for uraniu* nraciflll.ntion In atlmrt tanh*. 

Salt type dryer* 



arying/craTcinatloit 
Product 



Wnua-UAl Features 



Drlwd yallnwcaho Iri drums. 



s^f&sSsk; is i " •***!»* ™ ° f '""• i ^ t " «* »■ 



m for dewatarlr^ and solids/ 

Aprl] ig?e 





n i i 


l» 




l AM1 1 


UHii"i/"H#r4l.uT 


i.-.niH-KniM BffriwlN mi ■ ■ 




lllgi nf i upldUiHon 


■ ■ ' ■ 'i" 




Hi ..I.- [lUngt) 


'MM MPfc U-P 




r Jt.ilwi (Hon a*) 


ifloa - p.Mii i/ii, >■■ ii 1 




DiPdlH Or* typa 


.:.-.. ii , -. .ml. i.i.i i In ..ii- 1 1 l.un# ■■ rr H& t &-.e arc bituminous shala 




Urinl furflun MlnaraTs 


PL.LchtJ5nde T co^finite, urandferbue organic matardal, urar'tjm mnlVbdatl i 
hl^lietite, jranophanei, zlppaitSj curi'Bj zLensritE 


an^oi tBj novacehitpp 


ii Mfnorals 


3 vTi:Bj umohoLtB, r-'o 1 f ari 1 te , a ry -.M-Ltlh r Lr«;?GCil;B F 9pliliHritg F djlomita. 




Mining 


I.naerg round 


'mi ting/u lending 


No aortine 




Pra coti cent rat Ion 


No praccncEritretion 




Crushing 


JQ n for orinary, gyratoiy crL-ahii^a for ijL}con:lnry H 




QH riding 


"wo Etn&3 Rrind in clcasd circuit Vdth claaaifica^ion ualng rod ond 5nl 


. n-dlis 


tin-gr-iu of COflnrfnutlon 


35^ rrdnua 2U\i mlcxcnfl 




Leach Type 


Alkaline ;i p-a s,5 U ^ ieo^h in outoclovea IprE&aure 5 haral 




K i Jan t/Tampera tore (Hangs?) 


ClxyEen + ferric carLiDnata /14G C 




Leach Pulp Density {Range) 


50% atrlitll 




H (marts on Leaching 


Piffareotial leech. Flrat ataga ia a Lflloto alkaline T3t-puaura ore-leach 
convert ELlphur in a» to b:.j lph fl t an . lircortd ntnga i& a mc re - i^r-can i rat b d 
in whioh -il- of tha uron-iUm 1* attracted withou-t aoluPiliiiinB tno oi^en 


Ortnctpally out I nnt»d Ii 


LflMds/Llquld Separation 


r„n itflgOl °f filtrotiicn unln^ horizontal belt vacuum filtera 




CHHfic*tton 


Nc clarl-Lcaticfi 




Solids content of preg. So-'ln 


^■^i - imp p. p.m. 




Concentration/Purl ft cation 


TMiermediabe irrpuri^y precipitation ^it-Ti calcium hycruxiije dirUctly ^ra-Ti 
FollortBO by uraoidm precipltaticn with hydr-cgan pet-LXide in ^un ven ti cna 1 


olKfllinn lutuVi Hi] '« 

atlrred tonka 


Configuration (SX, IK) 






Rer,in /Solvent 






Elusion /Stripping 






Precipitation Type 


See abovn 




Prylng/Cal el nation 


Nflt dadoed yet 




Product 


uranium pBifOJttidB 




UnuiLill FdBturai 




III iv '-''ii 
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E N \t - N | :, t'. 



Owner /Operator 

Stage of Exploitation 



Qrade (Range) 
?roQUCt;on (Range) 



Bepnsit Ore Type 



Urar 


iferous r 


inerals 


Othj 


r Hi ne rill 


& 


Wining 


Sort 


nyVR-lend 


nt, 


Pre con cent rat 


.on 



Crushing 
Grinding 



Degree 01" Ccmminutiofk 



Leach Type 

D x i tf an t /Tgmpe ra ton? (Flange ) 

Leadi fr>lp Density (Range) 

Remarks on Leaching 



Solids/Liquid Separation 

Clarl fication 

Solids euhtent of preo.. soln 



Concentration/ Purl ft cation 

Configuration (SX, )K} 

Jtesin /Solvent 
riuLitin /Stripping 



AltO A J nrM.M h< 
tNlufl Mvn) 



Empress Nflcianol do Urania tSHUi 
Undur lnuBBtl£«1.|cin, Nat yut in jm 



Not applicable. 



Vein ■ diesardnated. 



oleeitfl, autunite, phosprnrarcylltn, pitcholande- rrerok 



Quartz, seriate, blcUte, plagtan-laee, Ipfln CKide 



find hydrovlde, gi-dphltSj zircon, tpurmall.-, 



Precipitation Type 
Drying/Calcination 



Unusual features 



No U„taila published an metallurgical n^ppnae „f a ™ as yet. 
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* II II 1 


r N 11 !i i\ 1 1 


■ifil^niflpirifl 

1 -1' 1 i !■■■ m| iIiIimI 


RPA1N 


Omnip/Qfrtritor 


£*np.pB*a Waeioiidl dul urtinm f,Ai r«.NU!i.^i 


. 1 , ■ r 1 ,|,l,,|l„l 1,.!, 


llunu iuacili In upurfllHen. CcnwtPtlWiol plant planned For start up In mmi. 


QrftiM (Mngp) 


II.UI1 - U, 10* U^. 


«' MM (Unrigs) 


"Inop laeoh 1ZQ t 'J/a. Maw plant 900!] t/'d omJ 400 - £QP 1; U/a. 


Kl||IUltl Hi" I L-'BM- 


Vuin ■ Plnu.umJnol.ffln dnpofflU lh shalee which ha ye onmn ni-Eanlt natter, nauu Linen 11 litis. «ffiat«d f 
rUfSltlfiol netalupfphlnm, but hauB been altered by contact ma t omici r|i 1 1 1 nm |;p hnrnfnla. 


lli nil r*h?U! Mlndl'ftEl 


I'l "i.'ililiri.li:, enf finite, urnnophane, *aEalitfl, guTrite, autunStc, 


■■■nirali 


PyrttB, hsmaLltEi,. tlllta. 


Mllilriu 


Ipinn |jI1. uilnLiifci, With rfldiOlfKtttD contra] at tne pit. Front end loaders and bucKet- wheal 
ixtrwatbrjn ueau for ciunSp reclwintionJ 


j.'h lending 


Mtiiii ' v 1 1 ■ . ■ i-i ■', : mineral, marginal are and^aatu. 


ft I'Ul.lon 


N» iuiiiurnnnntrnt Lon, For nah 1 plant ore ul 11 Ue rOttftt*d at 35H - 4Q0 C priar ta acid l^auh. 


*ll:fP LtftLH uHtRftllCIN 


r;=u uCfiiviiNricTJAL i'ia-ji 


i i^Mni, 


Primary uruahlnfi with inpact Grusfltr ofily and 
no m.J. Ullr-e,. 


Primary Jaw. crLahers. 


g 




Single ataga flanifall mill tn cloa*d airsKJlIf Kl 
nloaalfifatiDn. 


Wmjium ut CWlWl 1 


All fnlnuB Hn mm. 


£U% mln^fl 4fl- fnt3ShC&0^ minus G5 iraGh.] 


iMth lyiw 


Aclol hasp lurching- 


ftclc lBnching in Feclanical agltatara. 


i.uiitom/1 pmturg ((Itmgt) 


hu axidant HiJuj^Lian, Affibloni; tamp. 


rhD z * Fe^SOJ^ 


■ ■ • i' PUlp Dtniity (llaiip) 


*Jat nppllDflhln, 


50 - BB. 


irfiiit mi UnoMngi 






. 111KA iu.uU lipiritfon 


Ndni 


9 stna n ^^ n in cpr;vnntlnn.3l thichanars 


1 I*pM1i„ 


Nan* 


Oown-Plaw aand clariflers (columns) 


Ill It 111 1 ihh mil, at pr«o, xoIpl 




*. 2D p,p^m. 


Cw«Mlrft.UoH/r l ur1t>cntlQn 


' i u L veil t uhtraation 


grolyant ajotp-actLan 


1 Bfiriguntior (ix, ihj 






flMill /.. l.-iil 


lurUfiry wnln* iolvant. 


Tertiary amina nolvant. 


ilyll'W /HMji|Mn|j 


N,ii;i - HJIOj 


ContixJlud PH omuiontn atrip. 


I'-lwl lp|l«( 1 IMI [ V|l*» 


r*l UJi'i » air In itirrBO tnnKD. 


NM- gaa n air In atLrr-au tonKu 


1 ■ ln^Cilcin#tiw 


■-■■-■ ' 1 :■■■! ■ -.-. ■ i 


Hulticle heart ti 


, ,.,,1 


i;«i)i-lrnHL| ujfHiiutii o-aIOo uonnafitratea In aJrunn 


Hfllnlnan urariluni unidu ccji i can t i^tii In ■ 


UtiUIUll PHtUPO 




Low temperature roosting tc Qpifl ■ i a ■ - ni.inii 

iinvjpltfl&y 

UutubHL' 11*?fl. 



25 l 




Leach Type 

D*f dtnt/ Temperature (ftang&) 
Loach Pulp Density flange 
Fl uinar* 5 on La aching 



£ld hOrjc JiiGshlng 
No o»l(fanJ ? ■ttsnt te„ psr a|:ura. 
Not applicable 



ta* las.., t'rr wawtfai ffiitjti^. 
'Nil OSSdant ,' ™blt»nt tmpa ratur e . 
*5 - 5Ct aoiius 



t»l1lfl/L.1(|uid Separation 

ClnrlHcttlon 

'wild, content of preg. sn!n 

i:wii:iintrat<sn/Pur1 ffcatlon 

Enrinfliritlon (SK, IK) 

toUn Aohtnt 
Minion /stripping 
fl ll hilutfon Typo 
H'diiu/utclnitlon 



n one . 
liana. 






gp^^-s -^i^^F^^ 



lartlarv -arnlna anlwnt 
IWC1 • H.SO, 



Lores alze BWnn e -b aao IK „ B [n. 
flP5 aulphujlc arifH. 



I". * 

llriimi,! Futurw 



S«a * 61 r in atlrran tank, 
Multifile ItaarLh. 

P.tUHnad urMurc - pu, cmeBntroteB j, ^^ 

S':;'i" M - **'— -«■ ^— - ™«. M[ . rt „. aeIlotlon leicn „ ths - 



October 197a. 



4 II II 1 


M, 




CidvrH 

lAlhnlnl 


BPAEN 


faiwr/PflHraUir 
Stag* of Exploitation 


i iih m.iiU IfrJftUlIP tJlK) 

i 


Grada {Honge} 
Production (.Ranga) 


o.ii - ti.api u 3 o a . 

< 100 t U/'i,, 


tiopps.it Ore Type 
U rani fern us Minerals 
Qt?>er Minerals 


Vain 

PitchblandBj Bumrd^.Pj outunits, saiaeitBH 

Pyrite, Quartz* hematlto, apieLita, 


Mining 


Underground Balacti^a mining with st'a stint to Andujor mill 


Sorting^ lending 
Pro con cent rat ion 


lend! ng nith o£*a from other goltcbb. 

tod - acnatiinea low teirparature [~JU0 ■ 400 "] roosti OK 1 . 


Crushing 
Grinding 

Dugrce of Conniinuticrt 


1 ■■-■I ■ at-age [JaW and conaJ crushing. 
Rod efid boll milling In closad circuit uitn hydrauiio ciaaa Lfieation, 

fiU^ minua 2B mean t^Ufc minus 103 -mn^h) 


Lfiftch Type 

OHldant/Terrperature (Range) 
lunch Pulp Density (Range) 

Remark a on Leaching 


Aria Inching in mechanical agitatora, 
he oxidant / 40 - 50, 

50 - SU\ Bolddtt. 


So 1 1 dV L i qui d Sepa rat f on 

Clarification 

Solids content of preg. sain 


4 siLa^us. ftondu in cyclonea and fines in CuO in conventional thi uhtniF*. 
Dcwnflow sand clarifiarBi 

< 20 p>p,n, 


f : (m Cm n t rn 1 1 on / P u ri f 1 c a ti on 

Configuration (SX, IK} 

Rosin /Solvent 
Hwllon /Stripping 


Solvent extract too. 

1 1 : =.- 1 - ■ i v" am-lna- solvonL, 

No CI aod HiSCL* 
7 Jl 


Precipitation Type 
urylnfl/Calcl nation 

1' ! 


■'-■!■■■ An ant? itnfto batch operation. 
ElBctrtcally huatar; oven. 

Drlad u ran.luin- flKi Cta eontant roto In dr^Jma. 


Ufl'WHJll Ponturci 


In.iMlixt 1L./tL 
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15 ; 



BNU -a FWAJtflTI 



OuNtfiilJtjJiri 

triiiliiidi ir., rtifiiiiii 



fr»*ry Operator 
Stfifle of Exploitation 
Grade (Range) 

Production {Range) 



tVolyatlan 



Deposit Pro Type 



yraniftroui Minerals 



fro I: In pro duct inn ya 
fSani\i; lion i! 



j^t- ( 1043 - Ififl t u/s 




dande. Butunitn, tc rbemi ta, c 



Pyrtce. ^cqeyrHJjqi qu^tz. hematic, dolpmitu. 



Sorting/G Tending 
I 1 re con cent rat Ign. 

Crushing 
E rinding 

Degree of Conrnifntrtlor, 



leach Type 
Djtltfant/Teiiperature (Range) 
Leach Pulp Density {Range) 
Jtemarks on Leaching 



Two rtft^ fjaw and C gn B J ending. 
Bail milling ln c i 05fid ciruiti 

Ml minus - 4 fl ma*h. fig^ mtrlLJIJ GS ( 



Acid lcrarlitnp; i n 



mwflflniool a E ltat Pr a. 



Solfds/Llquid Separation 

CTar-fflcatlon 

SoTids content of preg. soln 



Mnn E an ga * JiDyltfe , ^^ t eW at yra . 
BU - 55 * solids 



Horizontal unit fjltpr El 
flown-flew sand c: ori f J n ra . 
< 20 p.u.m. 



Concerttration/Purfficatlon 
Configuration (SX, U) 
Resin /Sol VEJ ,t 
ETution /Strippin g 
Precipitation "type 
Dryfno/CaTci nation 

Product 



£nlver>t antrflfitipn. 

Tertiary mino solvent. 
_CoMralJ e d pH mnnnin atrin . 



Ungual Feat ores 



" 3 E«n and air In otirrad tonka, 
flultiplo hearth. 

Caioinad u,- flniwm Q *,_ dB CDnCwtrfl ^ tn 



,"M 



Dctgber 1376, 



i^ j'Optrfttor 

'■ ' ■■■!■- "' » i|iicii.m Iupi 



j ir (Nitng*) 

I In. l IDQ (R4nvf } 



(jti|l0*M. lira Ty|) B 



Ilr-i1nlfvr005 Mineral:, 






'■■" " I IrUttU l Ill iri-riftt 

KriVlrnnnNfiimil iitpflttt. 



1*0 • 110 l U a ll a /m J 
Not Ln production yut, 110.0 t U/a) 



From Into mat Ian a! phoipfltic roph tffl'(iflly Tram ttorocCo and W. Sahara). 



Other rlln&riti 



*lHFny 






Hart Fng/B Tending 



Pre cancan trail on 



C rush i of) 



Oeyrea of Carnnl nut-ion 



Loach Type 

OKldant/Tempefiture (Range) 
Lflach Pulp Density (Range) 

Remarks on Leaching 






SuHds/Liquid Separation 

Clarification 

Solids content af ps-eg, soln 



Dry l=BlI milling 



Acid leaching In rrecnanlLal Agitators. 
/ 5.S - I55°C 



Proyon urocea&. 



Coflcentrati on/Pur i fication 
Configuration (SK, IX) 
Resin /Solvent 
_Elut1on /Stripping 



Precipitation Type 
Drying/Cfllcl nation 



Unusual F'cnturos 



lilting pari Filter. 



Tank ageing, dacantatian In hh1ckener& anr| doWnfluw polirfrna 

Law enfhtant In aalida f.* SO p F p F m,) In tha final pruEn^int liquors 



Bo lvafit uh t ra pt ion . 

Two pyLlan. hhe first for recovery and the second for ptirl'-fitatiorlt 

TCPO * OEHPA 

h^flduntJion madia. M=h1: cycle) and carhtjnate t2nd cyol«] 



rryatallLZTitinfi of aJJTC, 
Single hoorth. 

Caloinod omnium oxldo in drumB. 



fi!qnouwririn Lir*niUfll from phoajiorla oc;id. 



tiul: ir >U7Jt. 
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ft A N IJ r il f ^ ii | a y 



Utrnvf/iipofrttdK- 
UttfN Of ^ijloiCflOori 



{Ifthrige) 

'■■ -'n. I Ion {Jtongu) 



Qtpgt i l Ore -ypti 



i jn1 flfOUl Minora Is 



PUioi Minerals 



,J I n I IIQ 



N m ' Iiu iLi.i iv 

[AiJilfittir \Hvara) 



ttfOPkiKU + tlimxtrillytlo ^Jnr; ♦ 5t a t b /Han a a r Uranium ITlnon Ltd.. 
Eriuirnnnflhtnl Impaulr 



fl.3Q - [l + 3Dl U-O.i 

3QOD - 4QDC t/d. ZOOO - 3Q0D t U/o* 



Vein - graniJn mifierfllliblAon dCCUM in aadinanra of the Pine Crflah tecayncline within -tha 
uani 11 t-u nnat-i en . 



PitQhhXflicHii jronlnltB[ni*OOr?, uranium ailicataa, pteudn brann-rite [rnlnbr] 



quartz, c±] trite, mu&ciayita, kaolin Ua, 



-'l/illWKMfto 



gi upitrjilon 



fl landing from a L-otkp i 1 a & 



Crush 1«Q 

Grinding 



UvQrB* o' CtmiHnutl'Dn 



Btf liters cruiiliwra fur pMmwry, cohaa for aacdnd&ty arid tartlJry. 

ptfl-ttflja - n pgn ciruulu rod mills fallowed by bull miiia in c l DEB d circuit wittl clTaSaifWr. 

5D* rtiinua 75 um. 



Ojildtnt/Tsmporetura (flange} 
L,t"in:h Pulp Uunsl ty (Range; 

Htflllirkl wi Luathfng 



1jul1d>/Llquld Separation 

C Pari f1c«t>on 

'■ lldl eontmt af preg. t,gln 



' r 'i»tiUFt/l 3 iJririCJLldn 

Lunf Iteration (S*, IX] 
Nw»ln /Solvent 

PH.. /Stripping 



Hang an u aa dt u* 1 ia /ortiien t 
55 - B0\ aajlda 



Niyo utogH CCU in ctnvBotionai *h 1 zkenej-s < 
PreBauru »and FiltflM. 
* 20 jdp.in. 



Salient ox. erection tr. md xer- a a fc t lera 

% st^fcHB extraction, l ata E u scrub, 1 ntngaa atrip, 

fot-Uary amino. 

EgpitrpUflu: pH afranania 3 1 ri.fr r 



') ry I nw/Ufllclnflt I on 
1 



nflfflOflifl EDS iui- uraniji> prauipitdtion frnc strip solution, in atlfrtd taiha. 
ftjitlplu hearth. 

lij-aniim oxida. concent rat aa in drums. 
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trtlihJhl SSaJl" i " ,a "" 11 "" Way** =n fl„ ua h» Bt but it n „ b8B .-, 

emblem: D ro«„ pr.p, B9D lB , lmllor t0 thM prop „ at , f[Jr ^ J^ 



reported tha 
and Ja|:iluna 








■■ t ■ M 

1 A M 


■■ 1 ■ ■ 1 ■ 

1/ ■,. ■ i Hlnrp] 


MlftHnl In 


M I (JUKI 


i i ■ . 1 1 f -% i niniMn i v i' i iMv*iwm*nt 


■ ■ 1 1 I'- 1 ■ ll 


■ ■ ■ ■ ■ 


. , , 


" ■'". ','„ 


Ul 1 "nhlji') 


1 \QQ ..'lin tAli 3Q0D. - 10BU t UVrf, 


nri Typo 


v..in uranium rtJ)idi'«iU i Jtoti,on ocflurn in putuiwiEn o+' m* Pin- Aram u-tuHynoJ inti •Miihin tint 
| -i .i' i. 


■ i 


I'lliH'i n l\ 


1 | 1 .!■■. r|. , II lllllll l.ll, 







'in ■" l|l'l .<.\: 



■ ,. -, 

1 ■ ■ ■ 



,,.1, 



Qiyritj gr Ci.mrt1rti.Efon 



i r-ypo 

■ ■ ■ i- '/I poril ('in ; 

■■ Mp Donilty (Hnriqc} 
"■ ■■ ■■■ -i-i 



■■mI'.i- / I 1 1 1 1 I •: I : i'|.,iiv,! |,.- 

I i "i" 



sntffttlan/P en 

' ■■■ .u.ir lot rut, EX] 

Willi . ish 

I ■ '» ■'■ 



Pudpiuuon Typ* 

Dl ►• '■ ■'!■ ' fl 'i 



P> i 



■'I..;:'.., i£r,r- '[I:h, tiIca, Sana are cdntaSnB goStl. 



■ I' 1 "' I' \: Wlfi»M primary cruaher, 



I i I ■■■.■ ■.-ruMiiliji at IiiLhh ( By rotc-ry ) , £p Eer.dc.ry arc Le t-tl arii Liana cruahefa aL nil.1 1 h 

Two pt-QiH el remit ■ Quail airouit rod. iiius fejinwBd p^ dbil paile in eiouad circuit with. 
eliiilflprii 



', ll m: ,.ir, JSliffl, 



ApIlI JOilLII 1 , 

npngfllian* dippiaa/ 3b - *l^ a C, 
SS - Silt nalido 



' 'iv LnjiUnlnn jaJd whtnh *L11 ps recayaraq py cjianiaation dafara uranijn fo'flD U1 r^'. 



CCU in unnvslhtlorml thiohonarp (no of atogea net pjtliahad] 

■;l... P II . -| | I |,l ; I ||(J , 



i> I ■ ■- ■ ■ ■ ' ■ - 1 : .ii I ■ mi I Imir fcntillnrE, 

1 pLH"> »*Cf'«aUtin F 4 itay;Dp ■trippina [icruti nnt knnwnj- 

Til'tiij-y nmlriHf 

Umit.ruLlM.il Jill fltunmulu ptg-lLii 



filfi L.i K iii. I'm ..jflrlium prNDipit nlluri fran B trl|J poluUcn, in stirred tanKo, 

H ll I ■ ■ huafth 

uriMU yii'lflHUiKp in dnitnii 



Ui'i ► >wii JibtiUKl onibdoJiil ttipjdthwr r*tirMpunl; If.ha Iflrittnt kn-awn uratrturr. tlaetfaH In 'in 
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Stage of Exploitation 






AuatMLIA 



Graie (flangej 

Production (Range) 
Deposit {Jro Typo 

■■'rani fern us Minerals 

Qt'h-er! Minerals 

fining 



Uuijuiin] nn [i ni| 1UH Lli( j H 
| Gnvlramantfll ir-pooii.. 
2 ■■DO - S.Ddlt [/o 



= ".»»,:,, ,„ irfiiUtB , „^ WoJinite _ ^^ ^ 



On<;n pit. 



Sortirlg/B lending 



Precdncentratip^ 



StickpIisE accordina to ^raite. ni 6 „ +nl 

i «■)»*. unite u p„p use u„if 0nl fesd tn D , nnt> 



Oegree of Cnwiiirmti. 






Leach Type 

OAtdafit/Temperatur* (Range) 
Leach PuTp Density (Range) 
Remarks on Leaching 



SoJids/Lfqufd Separation 

C la rf fi cation 

SoH-ds content of prC o. so) n 



| A.QSd iaahh in nJBriHnfr&i ^itatBa". 



CQncerlC^tinfl/Pij^f-i Cdtion 
Configuration ($£, 1x1 
Resin /Solvent 
_£l_u tion /strf pp f n 3 



&ta$g -icu ;.■, coriygnLJona] thlcksners. 
frap bad sand piitaffl; 
* 2Q p.pr-.m. 




Prvcijjltaticin' Type 
» r yin9/Ca1dnatfon 
"rodutt 

Unusual Features 



Tertiaiy G mlr,a 
J^untt-uJlBJ pH omTonia utrip 



«™umi« Ena f„ r u „„ illn , p „ ct p ltirtlm fruin — au , uun 
Kulctpls neartn colclnnr. 



I:irrud tefjfLdi 



Uronlun oxlm, concom rates in dnm. 






.'(,,» 



1 ■ 


r " ■■ 

i J N 1 II flMH t f, 1 H L 1! E N 


Qui 

fn( i«, 


■■■ m\ u 


GwJiur/Opo rater 

!iUgu of Exploitation 


un.* Hifj tim,u i.Lii i Ldtflbn ) ftnry Kit hljwq Urtnlvn Ril. 

1 roi .i- 1 1 on + 




tirade (Range} 
Production (flange) 


p.tp - U.15K u u . 

1UOU - 2POD t/d 5nO - IpOP t U/fl^ 


Uti|ni-*1 1 Ore Type 
Uranl ferc-ua Minerals 
U'.her Mineral? 


MBtaaomatlc - uranium minSrolizntiQn occur& in noat rocKa that balari^ tu tnp Coraila rnimation. 

UpanJnltfli- 

fll£oriit*i a'illwi3ilite> gam a". RT3atita d ar-phiLalaa, fala^ara. 


Mining 


Cpafi Pit, 


Sorting/Blending 

r rut undent rat ton 


Rani nrra trie diaurtniiraLcir at mtna for atcch^iloaF Rooi ctrs t ri c sorting of faa-a tn tritlH 
NQna tnthar thai". ratJl ornci t rt c Eortinj] . 


Crushing 
Grinding 

Degraa of Comminution 


."ow for prltrary, standard mj'na' ftif sui^ndori', Enortheoc cone Fnr tartlary. 
Twn ata^a circuit with cl3&sivication r Rad ndll plus 2 ball ndlla. 

£\}% rdnua iUD rreah. 


Leach Type 

0>:l font /Temperature (Fiangu) 

Li-ach Pulp Density (Range) 

Hematfcs on Leaching 


Acid laaoh in necnanicai a&it floors. 
Planganaaa dtdxldu/ dinliliinl. 

5Z - BOH =d-ids 

4 - aiags ieach ui'.^i pH ian t ]tj 1 I^l) at 2 H 5^ 2,0, or.c 1-0. Acic diluted and coolod iiufyre 
addltlt-n. 


Solldi/LlqulJ Separation 

CUrffi cation 

Solids content of preg, 5010 


4 EiLagu CCP in convanticnnl thichanara. 
Dnwnflaw &and clarifiara. 
< 2D p. p. in. 


Conten Lratl an/Purf fi cation 
Configuration (&X. IX) 

kyiin /Solvent 

L _ 1 ul l un /Stripping 


Solvent axtrac-tian in miner aettlaj-s 

% stage extinction, 1 scruu, 3 acrlppinj 

Tertiary anine. 

CoritrOlLad ?H ammdnia atrip 


Precipitation Type 
U <-y 1 n g/C a l<i nation 

Product 


Airannnia ga'a far urarilun pn±clpltnUan from a: rip aolutian I'ri atirrad tanKa 
Multiple hanrtn 

UconJmn t)KtdU cancantrfltEa in druma. 


I'nu&ual Filatures 


April < • 
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ssssfggsass^ara^sif ta ai] ™ ■«"■ *^ * - .™.«d. 



Crushing 
Grinding; 

degree of Cormiriutfon 



0*1 d ant/Temperature (Range 
Leach Pulp Density (Range} 
Smarts on Leaching 






aD5 mtnua 5b rosri. 



n IK* line Mrtofljta 



■ nf . 17 i aaCCWa rftntlr-vir J^,,^^ .^ L1 ^ iL ^' niBBOlution can b B achie ved bv alKalina iKlJ 
^lavn orasfint in .-irc- *»«.,!* *„ „__._ . . ... ' — 




MfiWUVM femlfe ^ orasBnt " - ~ - — aoJlda/Iiq]jla — ~ n 

Clarification 

Solids content of preg, SD . n 



co»iL en trjti m /p urifkat10n | 5; inforTnatim Ptibaiahgd - 

Configura-tifln j£j(£ ,^j 
Resin /Solvent 
Elutiun /Strip ping 
Precipitation Type 
Drying/Calcination 

Product 



Unusual Features 



■ ii 1 } A E B. T I IT H N AN ri i v i. It L ii 

— J , 



Uivritfr/nfujrdttff 

■ i .1," el Exploitation 



Bread {Range] 
PrflflUCtlOn (Range) 



Gvyaslt Ore Type 



I .'rarMfe.ro US Minerals 



DthBf Minerals 



: ii II ', Ai,<nl i n| I i, 
I Frorr* IZiiUayimnk] 



Dllrrrifi ♦ Fra»aoll + Pstrarrin * Wast urn Nuc lear/Waa to [-n ■Nuclear 
B-Variuat ten 



no published Information Qn product ion plans 



urarsinits 



Duartz, clay minerals 



Sort ino/B lending 



Preconcantratiufi 



CrutH ; n-g 
Grinding 



Diana of Comminution 



Clpun pit prupLiiindn Solution nlnin^ iinc'er DcnaLdDcation. 



:i?ach Type ftDid lLJai _ h prnpa5BlJ 

ti aidant/Temperature (ttanqe} 
Leach Pulp Density (Range} 

fttfiarki on Leaehfng 



Solldi/ilqulct Separation 

Llarlfl cation 

Sol-Jot content 'of preg h soT 



I on ten t rat 1 on/Puri f 1 ca t> on 
Configuration [&jfj IK) 
Rutin /Solvent 
I'-^rtlon /Stripping 



t*i^Llpl to (.inn Type 
Urylrifl/Cftkinatlon 



riuq.ua I Fualurus 



No dutfll3gi-| LpfDrmattan published on i»tnl]ur£lcal reaporiap of aem. .<>■< yut. 
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